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ABSTRACT 

The major objective of this study was to formulate a 
means of forecasting the demand for sand and gravel in 
Edmonton and within a 70 mile radius of the city during the 
thirty year period, 1978 to 2007, and to compare those 
requirements with potential supplies of natural aggregate 
building materials. An analysis of supply conditions was 
conducted and required consideration of elasticities of 
aggregate demand and supply including the effects of current 
land use policies on available aggregate reserves. 

Previous studies of this type were surveyed and a 
methodology developed through which a forecast was made of 
total future demand for construction in the Province of 
Alberta. The key predictive variable was the number of 
household units in the province. Predictions of future 
household formation were used to forecast provincial 
construction spending; an allocation to the study area was 
then based upon relative population and growth rates. 
Regional spending was then converted into estimates of 
aggregate consumption using historical data relating the 
proportion of spending in different construction sectors to 
the rate of aggregate usage per dollar of construction 
spending. 

The conclusion derived from the study was that the 
most probable aggregate usage to 2007 will consume only 


about 7 percent of the engineering reserves existing within 
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the study area. However, a more significant proportion, up 
to 20 percent, of rarer, quality materials will be depleted. 
A comparison of the location of aggregate reserves and the 
land use regulations governing those locations found that 
8.5 percent of current reserves have been removed from 
access because of land use or zoning conflicts. The net 
result was that, if no further sterilization of reserves 
occurs due to urbanization of aggregate containing lands, by 
2007, 15 percent of all aggregate reserves in the study area 
will be depleted and 25 percent of quality materials will 
have been used. However, it should be stressed that as the 
real price of aggregate increases, economic reserves of 
aggregate will increase as well since it then becomes 
feasible to transport aggregate for greater distances from 
locations now outside the defined study area. 

The relative consumption of aggregates was found to 
be rather insensitive to alternative estimates of Year 2007 
population in the study area. The range between the maximum 
and minimum in those population estimates was 25 percent of 
the most probable final area population of 1,240,000 (the 
lower of the two estimates). 

Recommendations are that aggregate reserves be 
enumerated and that conservation practices be established to 
prevent excessive increases in aggregate prices and 
environmental conflicts. In addition, a careful assessment 
should be made of the effect that setting aside land for 


future aggregate production will have on aggregate prices 
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established. 
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TABLE OF NOMENCLATURE 


Aggregate - “Any of several hard, inert, construction 
materials (such as sand, gravel, shells, slag, crushed 
stone, or other mineral material), or combinations 
thereof, used for mixing in various sized fragments 
with a cementing or bituminous material to form 
concrete, mortar, plaster, etc., or used alone as in 
railroad ballast or in various manufacturing processes 
(suchsasafluxing)«<* 


Backfill - Aggregate material or soil used to replace 
material excavated to facilitate the installation or 
repair of engineering constructions. 


Clay - Very fine mineral particles of soil or earth, 
classified by engineers as being smaller than 0.075 
millimetres in size and acceptable only in limited 
amounts in combination with usable aggregates. 


Concrete Aggregates - A class of aggregates generally 
considered to be of high quality because they meet the 
requirement that they be essentially free of coal, 
excess clay and silt, and other organic or otherwise 
deleterious matter that would detract from use in 
portland cement concrete. 


Cumulative Usage - In the context of this report, the sum of 
aggregate consumed during each year of the time period 
under consideration up to and including the final year 
of the time period. 


Deleterious Matter - Undesired mineral or organic matter 
which, in the case of aggregates, interferes with the 
intended use of a material. 


Economic Reserves - Quantities of sand and gravel which can 
be economically produced at current price levels. 


Engineering Reserves - All sand and gravel, within the 
region under consideration, that can be produced by 
conventional open-pit production techniques. 


E-Phase Resistivity Survey - A geological exploration 
technique which utilizes measurements made on the 
behavior of electrical fields directed into the ground 
at a site to determine the nature of sub-surface layers 
of materials. 


Fluvial Material - Material produced, sorted and distributed 
by the washing action of streams and rivers. 
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Glacial Material - Aggregate materials derived from surface 
materials collected up, crushed, sorted or washed by 
the build up, movement and melting of glaciers Known to 
have covered this part of North America during certain 
past time periods, produced by some idiosyncrasy of the 
Earth's climate. 


Glaciation - Scraping, crushing and rearrangement of the 
Earth’s surface during the formation and movement of 
glaciers. 


Gravel - Aggregate material exceeding 4.75 millimetres in 
diameter. 


“High Quality Materials - Aggregate materials such as 
concrete aggregates which are in demand for their 
desirable properties and the fact that they can be 
utilized with a minimum of further processing. 


Kame and Kame Morraines - Mounds or ridges of material, 
commonly sand and gravel, deposited by streams running 
under the surface of a glacier and deposited as a delta 
parallel to the edge of the glacier. 


Natural Aggregates - Aggregates mined or quarried from land 
surface sites and not originating as a waste or by- 
product from industrial, commercial or domestic 
activities. 


Outwash Plains and Deltas - Stratified, loose rock fragments 
originating from deposits within glacial ice and 
deposited at locations away from the body of ice by 
meltwater streams. 


Overburden - Soil covering an underground aggregate deposit 
that must be removed to gain access to the deposit for 
extractive activities. 


Planning Horizon - The future time period for which plans 
are specifically formulated. 


Porosity - The degree of occurrence of pores or interstices 
in a material, such as an aggregate, to which foreign 
liquids or solids may gain access. 


Postglacial - Refers to activities or aggregate deposition 
which took place at a later date than the dispersal of 
the continental glaciers in a region. 


Preglacial Rivers - Rivers which existed before the onset of 
glaciation and normally were changed in location, 
elevation and character, if not eliminated entirely, by 
glaciation. 
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Protected Reserves - The portion of engineering reserves 
which is protected, from loss through urbanization of 
aggregate bearing lands, by land use regulations. 


Recent Deposits - Fluvial and lake related deposits formed 
after the last period of glaciation. 


Resorted - As applied to aggregates, materials which were 
moved from their original location of deposition and 
deposited elsewhere probably in a less pure form. 
Often used to refer to glacial modification of 
preglacial deposits. 


Sand - Aggregate material with particle size diameters in 
the range of from 0.075 to 4.75 millimetres. 


Silt - Soil made up of particles less than 0.05 millimetres 
in diameter. 


Soundness - Describes the ability of a particle of aggregate 
to resist deterioration caused by chemical or physical 
action. 


Spillways - Meltwater channels which conducted water away 
from an adjacent body of water or source such as 
glacial meltwater. Often, but not always, the location 
of aggregates deposited by the meltwater. 


Stratas - Layers of rock, granular material or soil deposits 
that go together to form the land surface structure at 
a location. 


Surficial Deposits - Deposits of rock, granular material, 
minerals and soil located at or near the surface of the 
ground. 


Surficial Geology - The science of mapping, predicting, 
interpreting and determining the surficial deposits to 
be found at a location. 


Tenor - Term used to describe the quality or relative 
utility of an aggregate deposit in its as-found 
cond tions 


Thalwegs - Buried valleys that once were water courses for 
rivers which existed before glaciation buried the 
valleys changing the postglacial drainage pattern of 
the area. 
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CHAPAERS I 


INTRODUCTION 


Sand and gravel is used in the construction of roads, 
streets, railways and other transportation facilities, as 
backfill, as a raw material in glass manufacturing and, in 
fact, in any application which requires concrete 
(surfacings, foundations, supporting members, concrete 
blocks and pipes) or utilizes asphaltic surfacings. 

Although basically inexpensive, the vast quantities 
of sand and gravel used each year dictate that large 
reserves be available in close proximity to urban centers to 
ensure adequate, reasonably priced supplies. 

Aggregate costs account for 20 to 30 percent of the 
cost of building pavements, dams, major structures and 
public works. The building of a house requires 300 tons of 
material while a highway can consume 60,000 tons in one 


mile’s construction. The weight and volume of the sand and 
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gravel materials involved means that it is costly to 
transport supplies very far. Current transport charges in 
the Edmonton region range up to 14 cents per ton mile, or 
from 30 to 90 percent of the in situ value of the aggregate. 

In recent years increasing attention has focused on 
the supplies of aggregate available to major cities. To 
date, studies have been conducted into the aggregate wealth 
in the areas surrounding Toronto and Winnipeg while less 
formal assessments have been carried out elsewhere in 
Canada. 

While the annual consumption of sand and gravel in 
Canada ranged between 10 and 15 tons per capita in 19762, no 
quantitative information is available regarding the 
possibility of depletion of natural mineral aggregates in 
the Edmonton area. The purpose of this thesis is to project 
the aggregate requirements of Central Alberta to the year 
2007; to compare the requirements with available supplies of 
aggregate; to discuss the production and marketing of 
aggregate; and to examine the implications of provincial and 
municipal government regulations on potential supplies. 

The geographical area covered by this study is 17,172 
square miles in size and includes all or portions of 23 
counties, municipal districts and improvement districts 
within 70 miles of Edmonton. The map in Figure 1° 
illustrates the orientation of the study area in Alberta. 

Previous studies have found that population growth is 


the most significant explanatory variable in the demand 
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increase for aggregates. This study uses data on aggregate 
reserves in the Edmonton area as contained in the “Edmonton 
Regional Aggregate Study"* conducted by the City of 
Edmonton. Population growth figures produced by the City of 
Edmonton Planning Department and the Alberta Bureau of 
Statistics® are used to predict future numbers of households 
in the region and the province. A linear regression 
analysis of total construction spending in constant dollars 
versus absolute numbers of households is used to provide 
estimates of future construction spending. The proportion 
of that spending which is accounted for by sand and gravel 
is determined, providing a means of estimating the tonnage 
of materials consumed by the populations expected to reside 
in the study area at various times over the next thirty 
years. 

Chapter II presents background information on the 
sources, extraction and processing of aggregates. Chapter 
III analyzes the mechanisms involved in forming the prices 
of aggregates as well as determining the level of reserves 
and the nature of aggregate supply elasticity. Chapter IV 
contains a review of aggregate prediction models used in 
other studies and Chapter V is the description of the 
application of the model used in this study. Chapter VI 
describes the effect that current land use plans have on 
aggregate reserves in the area and is followed by a chapter 


on Conclusions and Recommendations. 
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CHAP TERGCHI 


THE ORIGIN AND PRODUCTION OF AGGREGATES 


Surficial Geology 


To put this study of the most basic building material 
into perspective, this chapter presents a discussion of how 
aggregates came to be available in the form they are. As 
well, information is included on the production and use of 
aggregate and the means employed to gain legal access to 
aggregate bearing land. The latter sections of the chapter 
deal with the costs involved in producing sand and gravel. 

Aggregates are combinations of minerals which, in 
turn, are chemical compounds containing several of the 
elements. Whatever the mineral content of a sand or gravel, 
aggregate must exist in sufficient quantity at a particular 
location, to the exclusion of deleterious material, clay, 


silt and organic matter, to be a viable source. Materials 
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meeting these criteria are classed into three categories in 
the Edmonton area according to their time of 
deposition: preglacial, glacial or recent (fluvial). 

| Although the Earth’s existence is thought to date 
back many million years it was only 9,000 to 30,000 years 
ago that massive accumulations of ice, starting near 
northern Hudson’s Bay, slowly advanced over the continent 
causing deposition of a sheet of ice estimated to be 5,000 
feet thick over what is now the Edmonton region. At least 
two separate periods of glaciation took place over Alberta, 
with the last obscuring most of the effects of the previous 
glaciations and determining the location, quality and 
quantity of our current deposits of mineral resources. 
Glaciers abraded, resorted, shaped and deposited existing 
surficial deposits of materials and, where it was within 
reach, shaped the bedrock underlying surficial deposits. 

In advancing and receding, the glaciers blocked 
normal drainage channels creating new rivers and large 
lakes, to drain glacial meltwater, which eventually 
disappeared after the glaciers had melted. These drainage 
courses were locations for the deposition of the large 
quantities of material picked up by the glaciers in their 
movements, resulting in concentrations of useful aggregates. 
Glacier produced formations can bear from 15 to 40 percent 
large, crushable material. 

Glacial aggregate deposits are normally considered to 


be of low or moderate quality. The randomness of glacial 
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movement and material deposition means that the sizes 
deposited are poor in selection and the materials generally 
include numerous undesirable components such as coal, clay 
and organic material. 

Usable preglacial aggregate deposits are relatively 
rare and occur only where a deposit of granular material, 
formed before the periods of glaciation, exists close enough 
to the surface to be exploited. These deposits are normally 
found in the deep buried valleys of preglacial rivers 
(thalwegs) or on higher ground when a preglacial deposit has 
been moved and redeposited by a glacier. Preglacial 
deposits can be quite free from deleterious matter because 
of the consistency of their mode of deposition and for that 
reason are highly prized for concrete aggregate. 

Recent deposits occur along the present locations of 
streams, rivers and lakes and are formed by the washing and 
sorting action of the water in much the same way as 
preglacial deposits were formed. However, because current 
waterways have washed through debris deposited by 
glaciation, recent materials are normally more similar in 
quality to glacial deposits than they are to preglacial 
materials because of the significant amount of deleterious 
matter usually found in them. 

Figure 2° illustrates the relationship of the stratas 


in which preglacial, glacial, and recent deposits are found. 
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Extraction Procedures 


The steps required in extracting aggregates, as 
summarized by the Underwood McLellan and Associates Ltd. 
study acoup? are listed below. Figure 38 is a diagram 
showing the typical flow of operations for an extraction 


facility. 


1. Discovery - The location of an aggregate deposit 
can be determined by the occurrence of granular 
materials on the surface of the ground or from a 
visual examination by an experienced geologist and 
the proximity of nearby rivers, lakes, valleys or 
other telling topographical features. Maps of 
surficial geology features and soils surveys 
produced by the Research Council of Alberta, the 
Geological Survey of Canada or other agencies show 
the locations of surface features which are 
indicators of the whereabouts of sand or gravel. 
Air photo interpretation, air-borne E-Phase 
resistivity surveys and drilling at sites so 
determined, allow confirmation of the presence of 
economic deposits. In addition, exploration for 
mineral deposits can be carried out by seismic or 
surface resistivity surveys. 

2. Clearing - Once an aggregate deposit is located, 


trees and other surface material are removed. 
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FIGURE 3 


FLOW DIAGRAM- SAND AND GRAVEL EXTRACTION 
AND PROCESSING OPERATION 
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3. Stripping - The topsoil and subsoil are removed 
from the location as required. Commonly called 
overburden, the thickness of the soil overlying a 
source is important in determining the feasibility 
of a deposit. A rule which seems to have general 
usage in determining the feasibility of a location, 
requires that the ratio of the thickness of the 
overburden to the thickness of the deposit be at 
mos trict 

4. Excavation - Once the overburden is removed the 
gravel is excavated using bulldozers and front end 
loaders and moved to either a plant site for 
further processing, to a storage stockpile or 
directly to a usage location. 

5. Stockpiling - To regulate day to day surges in 
demand both processed and unprocessed materials are 
stored in stockpiles. 

6. Processing - This step includes whatever sieving, 
screening, crushing or washing is required to 


render an aggregate useful. 


Uses of Aggregates 


Table 1 lists typical uses of aggregates. 
The utility of an aggregate is determined by the size 


and quality of the individual particles that make it up. 
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FABLE 


USES: CFASAAGGREGATE 


Road Construction 


Road Base Preparation 


Surfacing on all-weather roads 


Asphaltic or Portland Cement Concrete Paving Surfaces 


Winter Ice Control - Sanding material 

Concrete Aggregate - Sand and rock 
Makes up about 88% of the weight of concrete 
Roadway Bases and Surfaces 
Building Foundation and Structural Materials 


Sidewalks, Pipes, Blocks, Pools, Driveways 


Asphalt Aggregate - makes up to 95% of the weight of asphalt 


Railroad Ballast - stabilization of road beds 

Mortar Sand - Fine aggregate material is used in mortar 
applications 

Mine Fill - Replacing displaced ore and other materials 

Other Fill - Land filling, Waterworks and other utility 


trench filling applications 
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The material sizing of an aggregate is described by an 
internationally standardized set of sieves which are used to 
separate a sample of sand or gravel into different size 
ranges. These sieve sizes fall into three broad 
classifications. Material passing through a Size 200 sieve 
or smaller than about 0.075 millimetres in diameter, is 
classified as silt and clay. Sand is everything larger than 
Size 200 but smaller than a #4 sieve (4.75 millimetres). 
Gravel is anything larger than a Size 4 sieve. 

Aggregates which are well graded from course to fine 
sizes, that is, have significant, acceptable, but not 
excessive portions of material spread throughout the size 
range of interest, are the most sought after. Materials 
with less than 5 percent passing through the 200 are “clean’ 
materials. Greater than 15 percent silt and clay denotes a 
"dirty" material which will likely require further 
processing to render it useful. The amount passing the 200 
which can be tolerated depends on the intended use of the 
material. For an application requiring material that allows 
water to drain through it easily, only 0 to 5 percent is 
tolerable. Most construction uses, that is, those other 
than for concrete, tolerate 5 to 15 percent silt and clay 
sizes which allow construction of high density materials. 

If the silt content is greater than 15 percent the material 
will have poor drainage properties and be subject to heaving 
and displacement of position when subjected to freezing and 


thawing. 9 
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The composition of the individual grains of an 
aggregate determines its soundness, hardness, toughness, 
durability, porosity and affinity for binders. 

In Central Alberta, 54 percent of the aggregate 
consumed goes directly to the jobsite where it is 
incorporated either into the road base or is used to provide 
all-weather surfaces. Another 29 percent is processed into 
portland cement concrete at ready-mix plants before delivery 
to the usage site. Sand makes up 12 percent of consumption 
and is hauled directly to job sites where it is used as 
bedding for utility lines and foundations, for ice control 
and as playground sand. A further 5 percent is processed in 


plants producing asphaltic cement concrete materials.'!° 


The Aggregate Industry in Canada 


Table 2 provides data for sand and gravel and crushed 
stone aggregates production for selected years between 1952 
and 1977. Table 3 presents indices, with 1952 as a base of 
100, for various statistics on aggregate production, costs 
and general price and population movements. 

Sand and gravel production increased 282 percent in 
Canada between 1952 and 1977, from 103 million tons to 290 
million tons per annum. Crushed stone production increased 
from 18.7 million tons to 132 million tons, a massive 707 


percent increase during the same period. The increase for 


ve Ss asp, OSNOINEDAT BAF inal iearoned é 
 Saurrigued . seanoeert > SaaS wre vetiinive sob 
a 

Leurtd 4Q% RPE: Rime Neer. eh 
sfeno-nes act Yo ragotga bee eta (erire? Re 

| oa "3 

ah ti ocetw (e) hesiog aire Ga teh aang 
Weivere of Benu & atnd Heenan h © area wants fo erat: 
inst “se eariert 4 Nanna OR eared pees tent se 


b arbted etratd.2im-Nesee Se Sheers Sore rads 
a, 

wht eats sq.lh qu agro Ores, sere sesame: 

- hese ot +h stectiieey) Aveeno es xivmeas ts niieersi 


eee ee tes}. ARs ane AL 109 


Baty 2 is fy. Ch eed Ts A Ses LNA) pelea 
- Sho (thitien se IReS el, CT aut 


NO” 

#6 
| ' ~ + ‘ | i 
Petts 2 ei ADIL SR IN ett” 


ris ONS (SAVED brid Sryse 907. Beee sabivows $ ‘etdsT. 


AN 

sawied 2isevibstosiee 763 ont cuboag 2ECRGCIBOS. we 

5S bende aavtsel 3 SS9Tor! oirisest = stat sTer 
$1405 . AGT touse4e oi rsatper. Aal|est (gi tete 200t-48v satsQOt 
.2insiravon wie last deo - Bris, 65 ie 1 | contig om v 

mi inettaq SEY GaugesbA\i pomioublend levs719 lia ine) © Aa 
i uJ aot coifthim fo) moni... vvs! “ons S821, -aowreek eieaagy |) 
DOessosni oo: isubegq anos2 hedeund -imurtie vey freaks mrttia: - 
TOS aviessm s. bret carhbemeser Hr ened nor, ia? a moe? 


107 Geese sit 2) bol ay ec eric onfueuh saeeverl ingore 


WV 


15 


crushed stone most likely results from an increasing use of 
crushed stone in the St. Lawrence-Great Lakes area where 
conventional sand and gravel are in shorter supply. Total 
production of sand and gravel and crushed stone increased 
frome 1 22emi dbronttonsetn -1952-.ton422 mitlionstons insd97 Zor 
by 346 percent. 

During the same twenty five year period when 
aggregate production increased by 346 percent, Canada’s 
population increased by only 161.2 percent. The remaining 
portion of the increase in production for the period 
resulted from an increase in per capita usage of aggregate 
which went from 8.4 tons per capita in 1952 to 17.9 tons per 
capita in 1977, according to these Statistics Canada 
figures. 

The relative price of sand and gravel aggregates 
increased at a much higher rate between 1952 and 1977 than 
the price for stone materials, 252 percent as opposed to 
only!136'ipercent#- In fact 'thercost of »stonenaggregates 
decreased until 1967 and increased markedly between 1972 and 
1977. While the gravel price increased 252 percent, the 
consumer price index increased 229 percent (1952-1977). The 
cost of crushed stone increased by only 136 percent during 


that period. 
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Aggregates in Central Alberta 


The production and distribution of sand and gravel 
involves business entities of all sizes, ranging from 
individual operators of the gravel trucks used to transport 
mineral aggregate from place to place to large corporations 
employing several hundred people and millions of dollars 
worth of capital. 

In 1971, 2,235 Albertans were employed by aggregate 
and aggregate product industries such as concrete product 
manufacturers. An additional 29,245 were employed in the 
construction and maintenance of highways, bridges, streets 
and utilities. In the Edmonton Census Metropolitan Area, 
995 individuals were employed in quarry, sand pit, stone 
product and portland cement concrete product industries and 
8,670 employed in construction and maintenance activities.'! 

Table 4 shows the distribution of workers in these 
related industries. Concrete products and concrete 
manufacture accounted for 725 workers or about 75 percent of 
the workforce. The industry is dominated by a male 
workforce. 

As shown in Table 5, the total value of construction 
in Alberta in 1971 was $1,764 million. Of that total, $804 
million was for building construction and $960 million for 
engineering construction. By 1977, the value of building 
construction for the year was $2,895 million (see Table 5) 


with engineering construction valued at $3,300 million. 
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Total construction for the province had a value of $6195 
mi) ion: 

A study conducted jointly by the Alberta Departments 
of Agriculture and Lands and Forests, released in April 
1972, enumerated 153 private producers and 48 regional 
municipal consumers of aggregate.'* The study estimated 
annual production of sand and gravel, in Alberta, in 1971 to 
be 16.7 million cubic yards. Of that quantity 4.6 million 
cubic yards were produced from pits on public land and 12.1 
million from private land. Of the quantity produced from 
public land, 2.3 million cubic yards were produced by what 
was then the Department of Highways and Transport, 1.5 
million by private lessees, and 0.8 million by other 
government departments. The Department of Highways and 
Transport was found to purchase an additional 2 million 
cubic yards from private producers and obtained 1 million 
cubic yards from land purchased by the Department itself. 

Table 6 gives the user and source distribution of 
sand and gravel production in the province for 1971. 
Private users consumed 7.2 million cubic yards and various 
government users used 9.5 million cubic yards. 

The same study found that royalties in the province 
ranged from 10 to 26.9 cents per cubic yard with the highest 
royalties being paid in the Edmonton region. The average 
royalty in the province was 17.5 cents per cubic yard. It 
also noted that 60 percent of commercially produced gravel 


was processed. 
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The average price in the province for concrete gravel 
was $2.12 per cubic yard, for road crush; $1.47 per cubic 
yard and for fill gravel the average price was $0.60 per 
eubicryard. 

Statistics Canada reported aggregate consumption in 
Alberta during 1976 of 27.7 million short tons (about 23 
million cubic yards.).'3 A sampling of 7 producing companies 
in the province, 5 of which operated in the Edmonton area, 
provided the data on costs and value added in 1976 given in 
Table 7. 

Table 8 shows the usage distribution of aggregates in 
1976 as determined by Statistics Canada’s sample while Table 
9 documents the processing undergone by the materials. The 
largest single end use of aggregate, 55 percent or almost 15 
million tons was for roadbuilding or maintenance. Use in 
concrete was next in proportion, 17.5 percent, followed by 
fill use, 12,8 percent. According to Table 9, in excess of 
75 percent of the aggregate produced in the province was 
processed. The data was extrapolated from a limited sample 
and so should be interpreted with the limitations of its 
origin in mind. For that reason, proportions data presented 
elsewhere in this thesis may not agree with that presented 
in this section and data based on local information should 
be assigned greater confidence. 

Since surficial deposits of sand and gravel are not 
regulated by the same mineral rights legislation which cover 


resources buried more deeply, but instead by the Clay, Marl, 
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Sand and Gravel Regulations, the aggregate on a piece of 
land in Alberta is the property of the owner. Large 
companies with massive mineral requirements normally acquire 
enough aggregate bearing land, either purchasing or leasing 


it, to fulfill their requirements for several years hence. 


Private Land 


Over 95 percent of the land in the study area is 
privately owned and this has dictated that companies must 
either acquire ownership of a tract of land or lease 
exclusive rights to a deposit from its rightful owner. Once 
a location is determined to be a possible pit site either 
through its proximity to Known deposits, reference to 
surficial geology maps or aerial photographs or other means, 
the owner of a property is approached by an aggregate 
producer regarding arrangements for access to a deposit. 
Often an owner becomes aware of the potential of his 
property and he will approach an operator or try to market 
the gravel himself. The aggregate content of a portion of 
land is determined by a program of drilling, with holes 
drilled at regular intervals in a grid pattern over the 
area, determining the depth, extent and quality of material 
available. On private land, the operator must then 
negotiate for mining access to the land and payment for the 


material extracted. 
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Depending on the proximity of a deposit to markets 
and the costs of extraction, a landowner may receive a 
royalty of from ten to sixty cents for each cubic yard of 
aggregate extracted from his property.'!4 Once access is 
gained and environmental requirements regarding soil 
conservation, groundwater use and protection and 
rehabilitation of the pit site are met through application 
to the Provincial government, the operator can proceed with 
mining the aggregate. Municipal governments often require 
that development permits be taken out on aggregate sites so 
that land use and transportation corridor restrictions are 


enforced. 


Public Land 


Control of aggregate deposits located on crown land 
is exercised by the Provincial Department of Energy and 
Natural Resources. Aside from normal lands, the Department 
also controls the disposition of aggregate reserves located 
in riverbeds such as those found in the valley of the North 
Saskatchewan River. 

Energy and Natural Resources grants permits, on 
application, which allow exploration for aggregate on crown 
land. Once aggregate is located, either a licence or a 
lease can be obtained for a tract of land. 


A licence allows the extraction of a specified 
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quantity of gravel on the payment of a $10 application fee 
and a royalty of 15 cents per cubic yard of sand and 25 
cents per cubic yard of gravel or sand and gravel mixture 
removed. In addition, an operating plan must be filed for 
the proposed activities and a $250 per acre deposit is 
required toward the rehabilitation of the land to a safe, 
environmentally sound condition. 

A lease is granted for a minimum 40 acre section of 
land and gives controlling interest in the land for periods 
of 5 to 25 years on payment of a $25 application fee and $7 
per acre per year rental charge. The leases, normally five 
to ten years in length also require payment of a 15 cent per 
cubic yard charge for sand and 25 cent per cubic yard charge 
for gravel or sand and gravel mixtures. The royalties are 
subject to periodic review. However, no specific review 
interval exists and rates have stayed constant since the 
early 1970's. Once again, a $250 per acre security deposit 
is required to ensure the proper restoration of the work 
site. The Department is able to utilize the security 
deposit and recover any additional restoration costs from 
the operator if the lessee fails to live up to restoration 
requirements on either a lease or licence. 

A licence therefore involves the extraction of a 
specified quantity of gravel and a lease provides a 
controlling interest in a property regardless of the 
quantities available on the land. Before a licence or lease 


can be awarded, an operating plan must be approved which 
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ensures protection of fish, wildlife, watercourses and 


lands.15 


Costs of Production 


The owner of a deposit of aggregate gets paid from 10 
to 60 cents per cubic yard for his aggregate in its 
undisturbed state, in the ground. How then does the final 
price of an aggregate grow to become 3 to 5 dollars per ton? 
Table 10 shows a generalized breakdown of the component 
costs, in 1977 dollars, of producing an aggregate product 
which requires crushing. These costs of production were 
derived from consultations with sources in local industry 
and include a return to capital component. 

Costs are incurred even before extraction of the 
gravel begins. The cost of exploring a site for aggregate 
will range from 3,000 to 15,000 dollars, amounting to a cost 
of about 1.8 cents per ton of finished product. 

The first operation required in extracting gravel, as 
outlined previously, is removal of overburden or stripping. 
Depending on the ratio of the thickness of overburden to the 
thickness of the deposit, the cost of stripping contributes 
from 45 to 55 cents per ton of aggregate. Removal of pit 
run gravel from the pit face to a crusher will cost 20 cents 
per ton and crushing of the gravel will cost from $1.25 to 


$1.50 per ton. Movement of the crushed aggregate to a 
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transport truck or to a stockpile and then to a transfer 
truck will cost approximately 20 or 40 cents per ton 
respectively. 

Scaling or weighing of the aggregate for accounting 
purposes will cost from 15 to 25 cents per ton. Other costs 
incurred “before the aggregate leaves the pit site" include 
590 cents per ton for backfilling the void left by the 
removed material and could include 10 to 20 cents per ton 
for dewatering. Dewatering is required when the aggregate 
must be recovered from a location which is below the 
existing water table level, a situation which results ina 
tendency for the pit to flood. Costs are then incurred in 
pumping seepage water out of the pit and allowing for 
drainage of the extracted aggregate. Assuming averages for 
the preceeding costs and no dewatering, the pit head cost of 
producing crushed aggregates will average about $3.10 per 


Lone 


Pit Depths 


The thicker the layer of aggregate at a location the 
more economical is extraction. Pits are normally excavated 
in terraces where a 10 to 15 foot thick layer is extracted 
at a time and removed, using an access road built down into 
the pit, to a crusher, job site or storage pile. As a layer 


or terrace is completed, the next layer is started, 
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immediately below what has been extracted. An access road 
is made and the terracing process continues until the seam 
of gravel is exhausted. 

The gravel walls of a pit are normally quite stable 
because of their good drainage capabilities but, if 
necessary, can be sloped or terraced for stability at a cost 
of 2 to 4 cents per ton of aggregate. This would increase 
the share of "removal to crusher" costs, as shown in Table 
10, by one percent. The only other major marginal cost that 
can be incurred with deeper pits is a dewatering cost which, 
as previously mentioned, occurs when workings are below 
water table levels. A marginal cost of 10 to 20 cents per 
ton is incurred for dewatering and the additional cost could 


add 5 percent to the cost of aggregates. 


Glassthication of: Gosts 


The capital cost of an extraction operation will vary 
with the scale of the operation and the quality of the 
aggregate being processed. 

A simple, portable crushing plant with a capacity of 
100 tons per hour, plus the associated handling and weighing 
equipment has a capital cost of from $150,000 to $200,000 in 
1977 dollars. These smaller capacity plants are relatively 
uncommon in the study region because the presence of a large 


market makes it feasible to operate larger, permanant, 
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plants to supply the Edmonton market. Small plants find 
application in Central Alberta only in rural, small market 
areas or in rural highway construction projects where 
production of aggregate is needed in an area for only a 
short period of time. 

A plant with a capacity of 500 tons per hour will 
have a basic capital cost of from $600,000 to $900,000 in 
1977 dollars. However, the use of more mechanized material 
handling systems and the installation of sophisticated 
equipment to wash, separate, and dry poorer quality 
aggregate could cause the price of a facility to exceed $2 
million. 

The cost breakdown for a representative large 
production plant, that is, one having a capital cost of 
about 2 million 1977 dollars and a capacity of 700 tons per 
hour, in close proximity to Edmonton shows that labor costs 
account for 30 percent and operating and capital recovery 
costs for 70 percent of production costs. The non- labor 
costs average 55 percent for operating and 15 percent for 
capital recovery costs. Since personnel requirements are 
Similar regardless of the size of the plant, labor costs may 
be responsible for up to 60 percent of the cost of running 


small operations. 
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Transportation 


The majority of Edmonton’ s aggregate comes from sites 
within 20 miles of Edmonton although some comes from as far 
away as 60 miles. Aggregate from all but the farthest 
sources is hauled to market destinations by transport 
trucks. Aggregate is hauled in by railroad from deposits at 
locations thirty to sixty miles away only when needed in 
very large quantities. 

Up to the point where aggregate is transported away 
from the extraction site, the aggregate industry is 
generally well integrated vertically. Exploration for 
materials and the mining and crushing of aggregate are most 
frequently carried out by the same organization. However, 
transportation of aggregates from pits to manufacturing 
plants which utilize aggregate or directly to job sites is 
generally accomplished via the use of private, owner- 
operated trucks. 

These trucks may be required at a particular location 
for only part of a season or the calendar year. As well, 
trucking operations are subject to the uncertainties of 
weather. Under these conditions a system utilizing 
individual operators allows flexibility in the allocation of 
trucking resources and avoids the possibility of large 
amounts of unused trucking capacity. This type of 
flexibility in transport capacity would be more difficult 


for a company with operations centered in a particular area. 
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Where a specialized segment of the industry is 
involved, such as the mixing and transportation of portland 
cement concrete, or a certain volume of work is assured as 
in the case of hauling asphaltic cement concrete, a company 
may have a completely integrated operation including paving 
construction services. The company may produce from a pit 
it owns, look after the truck or railway transportation of 
aggregate to its concrete plant and use its own trucks to 
deliver concrete. It is estimated that such operations 
account for about 34 percent of all aggregate usage making 
the production of concretes an important subcomponent of the 


aggregate utilization industry. '& 


Industry Structure 


About ten (out of thirty seven) producing companies 
account for 70 percent of all aggregate production in the 
region (based on 1976 data). The aggregate industry has 
evolved in such a way as to concentrate a major portion of 
productive capacity within a small group of companies. The 
Provincial government produces approximately 20 percent of 
the materials consumed while municipalities and smal] 
producers account for the remaining 10 percent of 
production. 

Production in the rural portions of the area and for 


the smaller towns is by small, privately held companies. 
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The same is true for the larger towns except in the case of 
Camrose, Wetaskiwin and Ponoka where the Revelstoke company 
has operations. Headquartered in Calgary, the Revelstoke 
company produces lumber in British Columbia and operates 
building supply retail stores, produces aggregates and 
manufactures concrete in Alberta. Within metropolitan 
Edmonton, a variety of company structures can be found 
within the industry. Smaller companies like Bulat Sand and 
Gravel are privately held. Some of the larger companies, 
like Apex Sand and Gravel are privately held and are engaged 
only in the production of aggregates. 

However, the major forces in the industry are parts 
of large, sometimes, well-integrated companies. Steel 
Brothers Canada Limited, headquartered in Richmond, British 
Columbia, produce lime as well as aggregate and also 
wholesale building supplies.  3TBG Contracting Ltd. also is 
involved in real estate transactions and is owned by Ashland 
Oil Canada Ltd. Alberta Concrete Products is owned by 
Canada Cement and Loran which engage in cement 
manufacturing, general contracting, heavy construction and 
project management. On a larger scale, Northwest Sand and 
Gravel is owned by Turbo Resources which operates in oil and 
gas, chemicals, marketing, real estate, manufacturing, 
mining, plastics, oilfield servicing, building and 
construction; in short, a highly integrated company as wel] 
as diversified. The most significant and most integrated 


company is Genstar. Genstar’s Standard General produces 
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aggregate and asphalt as do Northern Gravel; Rex Underwood 
and Consolidated Concrete produce concrete; Inland Cement, 
cement; Con-Force, concrete products; Truroc, gypsum wall 
board; Abbey-Glen develops real estate and Engineered Homes 
and Keith Construction produce buildings. The company is 
also involved in heavy construction, chemical manufacture, 
venture capital, import-export trade, investment trading, 


marine transport and mining. 


Conditions of Entry for New Producers 


While entry to the aggregate production industry in 
the metropolitan Edmonton area is becoming increasingly more 
difficult, a number of new producers have entered the local 
market recently. The most successful entries involve 
acquisition of existing companies. 

With the rapid expansion that is taking place there 
is a ready market for materials. The most significant 
problem is one of obtaining supplies. Existing companies 
have acquired the most economic supplies of materials and 
have arranged for supplies for an extended period into the 
future. A newcomer to the industry will have a distinct 
disadvantage in acquiring supplies. Most crown lands are 
available to provide Transportation Department needs only 


and very little crown land is otherwise available within 70 


miles of Edmonton. 
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Finally, to be competitive in the metropolitan 
market, a new producer must be able to produce on a large 
scale to be able to take advantage of the economies of scale 
available to existing major producers. The combination of 
having to locate sizable quantities of price-competitive 
materials in close proximity to the market and having to 
start right off with a large physical plant makes entry into 
this portion of the market increasingly more difficult. 

Outside of the metropolitan market area, demand for 
aggregate is more restricted but growing. Sources of supply 
are more readily available, to the north and west anyway, 
and it is possible that public land may yield sources of 
aggregate. Smaller equipment is more appropriate and 
therefore equipment acquisition involves less of an 
investment. In general, entry into the industry is easier 
in rural central Alberta than in metropolitan Edmonton 
because sources are less scarce, equipment is less costly 
and the markets are not large enough to attract the large 


producers. 


The Effect of Government on the Industry 


The common complaint about excessive government 
restriction has also been registered by the aggregate 
industry. 


In the past, aggregate production was a matter of 
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locating, producing and selling. A more complex society, 
conscious Of environmental impact, makes the process 
somewhat more complicated. Environmental impact and land 
use restrictions are in effect now to reconcile 
environmental quality with the production of aggregates. 
Site development and restoration are important with the 
effect of new operations on neighbors and transportation 
corridors carefully studied. Alternate land uses such as 
recreation and agriculture are weighed against the 
extraction of aggregate supplies. Land restoration is an 
important issue under these circumstances. 

Regulations which affect aggregate production in 
Alberta are reviewed in Appendix 3. 

The government's role as a producer of aggregate has 
also affected the industry. Government's ability to obtain 
its own supplies at lower cost has removed that demand from 
the public sector. However, at the same time, government 
has been competing with private enterprise for sources of 
supply. The net effect has probably been, since government 
can produce supplies at cost, to decrease the cost of 
aggregate slightly. As government has the only source of 
renewable supplies within its control, river-bed aggregates, 
it will continue to have a, however slight, moderating 
influence on prices. 

The low royalty rates charged for reserves on crown 
land may have kept royalty rates down at one time. However, 


since there is little crown land left in the study area, 
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current royalty rates likely exert little influence on the 


central Alberta market. 
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TABLE. 2 
CANADIAN PRODUCTION OF AGGREGATE 
selected Years: 1952-1977 
(1000's tons) 


Sand and Gravel 


1027896 1S A726 
159,830 40,282 


181,249 ATES5S 
209,666 80,636 
225,194 80,203 
289,803 132,450 


Source: Statistics Canada, Canada’s Mineral 
Production. watalogque 26-202, 1952-1977- 
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CANADIAN AGGREG 
GROWTH IN 
(1952=1 


Grave] Grave 
Prod: sn Value 


$/ton 


*excluding food items 


Source: Statistics Canada, 
Catalogue 62-001. 
Catalogue 62-002. 


3 


ATE INDUSTRY 
DICES 
00) 


] stone..C..2. se Ropila- 


tion: 


Canada 


The Consumer Price Index, 
Prices and Price Indexes, 


34 


a, 


whe 
a / 


he 


MA Py a 
oe Lenty, HTWORO 


me hi oe mi fe ie aie io ow ay) 


| Egegn Aa 
a ‘noni Mel 


aneid «, avert 4 orate. * 


| | Peep! © A 
Ley Ul ay yA ‘bag? ‘ar 


tiosnal ot Ve Hey t Ne 


H . ° 
| ‘ 
{ 
; 
- f : i nA 
Ae hice aches 
h 
Lomi 2. hoe 


om 


(22 sOhp e5545 1S ONE a , os 
| <r 30 


x3hnL So rnd Aetna ast 2 euaniin 


TABLE 4 


EMPLOYMENT IN AGGREGATE RELATED INDUSTRIES 
IN EDMONTON - 1971 


Industry Emp loyment 


Clay Products 

Cement Manufacture 
Stone Products 

Concrete Products 

Ready Mix Products 

Glass and Glass Products 


Total 


Source: Statistics Canada, 1971 Census of Canada, 
Industries, Catalogue 94-742, Vol. III, Part 4 
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TABLE 5 


VALUE OF CONSTRUCTION WORK - ALBERTA 1971 and 1977 


Type of Structure Value (1000's of Dollars) 


Building Construction 804,260 
Residential 453,900 
Industrial 38,324 
Commercial Thoin 
Institutional T29, 337.6 
Other 66,449 


2,895,463 
1.8 tae 30 
107,976 
980,794 
149,264 
2ZA3,, 699 
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TABLE 5--Continued 


Type of Structure Value (1000's of Dollars) 


Engineering Construction 959,935 S7299>-950 
Marine 914 CPS 
Road, Highway 

Aerodrome 120059 369,580 
Waterworks and Sewage 54,942 $8331.19 
Dams and Irrigation 10,806 22,745 
Electric Power ; 86,877 289,822 


Railway, Telephone and 


Telegraph 58,944 Leth ,.040 
Gas and 0i]1 95.07/61 1, 5635, 015 
Other Wasa 2 697,339 


otal Construction 1,764,195 6, 195,413 


Source: Statistics Canada, Construction in Canada 
Catalogue 64-201, 1971 and 1977 
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TABLE 6 


ESTIMATED SAND AND GRAVEL PRODUCTION IN ALBERTA 


Commercial Sand 

& Gravel Operators 
Department of 
Highways & 
Transport 

Counties and 


Nee as 


Ode 


Private and crown 
Owned Pits 
Crown Pits 


Private landowners 


and=D-+~-O-<H--—-&~—e-pi-ts 


Private landowners 
and County and 

VeDineptts 
Crown pits 


Private operators 


processed gravel 


Production of 
Sand and Gravel 


(cubic yards) 


T;20%, 000 


2 feo 2008 


3400-1000 


2,626,000 


988,000 


548,000 
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TABLE 6--Con 
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tinued 


Production of 
Sand and Gravel 


(cubic yards) 


nment 


All Sources 2652000 


Special Areas All Sources 222,000 


16,748,000 


Total 


Source: 


Ron J. Miller, A Study of Sand and Gravel 
Disposition in Alberta. A report for the 


Economics Division, Alberta Department of 
Agriculture in cooperation with Lands Division, 
Alberta Department of Lands and Forests, April, 
IS72.. 


: , 7 , ‘ 7 | oa — aa. a, ri _ ah 
tue Oe AUT eae eu 
#8 | | ied) me Wh 


, rd 
Se oe pe i Cs EG mre cate 


i _ ms, : 
- ee —* 
.. SONBHe 
7 ‘ 
ei: ie) 
| F 
| ry) 7, ¢ = 
— ee tte es - . 
i a ats 
i 
ae 
| 
‘ ~ a 
: ¥ 
“a | he im 
sank tier shes % ‘ Baty 
7 a : : - 
ay ee ) 7 
SSW AL avs lak 
£ oe i a | e 
; | | 


: prs bee? to vbote 2 aeen te) © es 
ie Tt eee : “bee 3 pede LS 
} : +4 a f = 
™ i 
f _ « " at 7 
i STON Dt eta 
om 
; a 
, oe fin 
7 rf 
e : + 
iat 
Yh ; 7 
7 + 
of 
et 
\ 
\ . 
} " ts 


TABLE 7 


AGGREGATE PRODUCTION 


No. of Companies Surveyed 


No. of Employees 
Mining 
Including Suppor t 
Payroll and Average 
Mining 
Including Suppor t 
Cost of Fuel and Electricity 
Cost of Materials 
Value Added 
Value of Production 


Total 


COSTSit= 1976 


$2,848,000/$17,500 
$3), 6527,0007°'$17. 3500 
$653,000 
$6,030,000 
$11,209000 
> 1 eReI2 e000 
$17 5892000 


Source: Statistics Canada, Sand and Gravel 


Bits=1976.,9 Catalogue 126-215), ‘August, 1976. 
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TABLE 8 


END USE DISTRIBUTION OF AGGREGATE - 


Application 


rule 
Roads (Roadbeds, Surfaces) 


Roads (Ice control) 


Concrete Aggregate 


Asphalt Aggregate 
Railroad Ballast 
Mortar Sand 
Other 

Total 


Tons 


1976 


(1000) 


Source: Statistics Canada, Sand and Gravel 


Pits=1976, Catalogue 26-215, August, 1973. 
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TABLE 9 


PROCESSING DISTRIBUTION OF AGGREGATES - 1976 


Material Tons (1000) 


Sand 
Washed and screened 
Screened 

Gravel 


Screened 


Washed, Screened, Crushed 


Washed and Screened 
Not Processed 
Not Accounted for 


Total 


Source: Statistics Canada, Sand and Gravel 
Pits-1976, Catalogue 26-215, August, 1978. 
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TABLE 10 


COMPONENTS OF AGGREGATE PRODUCTION COST 
tov 


Cost Incurred Percent of Production Cost 


Royalty Paid to Owner 
Exploration 
Stripping of Overburden 


Removal to Crusher 


Crushing 


Removal to Transfer Truck 
Weighing 
Backfilling Excavation 


Total 


Source: Obtained from a survey of area 
aggregate producers, 1977. 
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CHARERe Tis 


PRICE, DEMAND AND SUPPLY ANALYSIS 


Having examined more basic information as to how 
natural aggregates originated and what is involved in 
getting them to market, this chapter explores the economics 
of the process in more detail. 

What substitutes are available and how would their 
existence affect something called "reserves" of natural 
aggregates? These topics are discussed as are the factors 
which influence prices and supplies of aggregates. Finally, 
an attempt to determine the supply elasticity of aggregate 
preceeds a review comparing Edmonton prices to those in 
areas where aggregates are more scarce. 

Demand for aggregate is very price inelastic. 
Aggregate is a derived demand, used as one of many inputs in 
building and engineering construction; in addition, it has 


low technical substitutability. In the case of building 
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construction, the cost of aggregate is a small fraction of 
the total outlay. About 300 tons of aggregate, mostly in 
the form of concrete will be used in a 1200 square foot 
house with a driveway and garage. The cost of the concrete 
will amount to about 8 percent of total cost, half of which 
will be represented by the cost of the aggregate itself. As 
a minor cost component in house construction, aggregate wil] 
tend to have a low price elasticity. 

On the other hand, aggregate can account for 20 to 30 
percent of the cost of other construction (roadbuilding) . 
However, in this case it is the low technical 
substitutability of aggregate which results in low price 


elasticity. 


Potential for Aggregate Substitutes 


With conventional aggregates costing about 5 dollars 
per ton to deliver to an Edmonton job site, hauling 
distances and royalty fees would have to increase 
Significantly to make materials other than natural 
aggregates attractive for use. 

There are a number of possible substitutes for 
current sources. Ash, clay, sand, soil, solid waste, 
recycled portland cement and asphaltic concrete, imported 
aggregates and deep aggregates were all found to have 


potential as replacement materials in a study conducted by 
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the City of Edmonton. 1? 

KShpecieay, sandeisoi) oresoladiwastescaneall sbertised. 
as is, to replace aggregate in many current applications. 

At present, because the use of these materials is very new, 
considerable further research is required into applications 
of these substitutes before confidence, in a technical 
sense, is established in their use. More quality control 
and determinations of long term material strengths, for 
example, may be required during the installation of these 
replacements. 

These same five materials can also be used to produce 
manufactured or synthetic aggregates. Manufactured 
aggregates are made by sintering or heat treating a raw 
material in a process which forms hard, light or normal 
weight agglomerations which can be produced in various sizes 
and used as aggregates. However, manufactured aggregate, 
produced for a specialty portland cement concrete market, 
currently costs in the vicinity of 13 dollars per ton or 
more than two and one-half times the cost of natural 
aggregate in the Edmonton area. Relative prices will] have 
to change substantially before manufactured aggregate 
becomes competitive. 

Portland cement and asphaltic concrete wastes are in 
relatively limited supply and although useable as fill or 
base materials at costs near to or slightly higher than 
present aggregate sources, they do not appear to be capable 


of supplying any more than 1 or 2 percent of the Region’ s 
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requirements. 

"Imported" aggregates are the same as local supplies 
but are considered separate from study region reserves for 
the purpose of this thesis. Considerable quantities of 
aggregate exist in the regions to the north and west of 
Edmonton. If need be, the Rocky mountains could be tapped 
as a source of crushable stone so that there is literally no 
possibility of running out of aggregate at any time in the 
future. All that is required to make these sources viable 
for Edmonton region use is, once again, for prices to rise 
sufficiently to pay costs. 

The use of bulk transportation can allow aggregate to 
be transported long distances at a relatively modest 
increase in price. While incremental truck transportation 
costs are typically 14 cents per ton mile in Edmonton, 
prices for finished concrete products in Norfolk, Virginia 
(see Table 14) where crushed stone must be transported from 
250 miles away averaged only five to eight dollars more per 
ton. That is, if incremental costs were to be the same in 
Norfolk's case (at 14 cents per ton mile for, say, 240 
miles) their aggregate would cost an additional $33.60. 

A final alternate material can be derived by mining 
aggregates located well below the ground surface. 

Aggregates 200 feet down or deeper are mined by constructing 
shafts in much the same way as coal is mined. The technique 
involves somewhat less surface disturbance than normal pit 


operations and mining can take place closer to urban areas. 
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The costs involved can not be established at present but, 
again, indications are that production of deep supplies will 


require considerably higher aggregate price levels. 


Definition of "Reserves" 


The word “reserves" can have different meanings when 
used to describe stores of aggregate. The definition most 
frequently used in this thesis refers to the quantity of 
sand and gravel which can be mined using conventional open 
pit techniques. These are "engineering reserves" and 
include all sand and gravel available within the study 
region, subject only to the practical or engineering 
limitations on the extraction of material. Aggregate could 
be made available through unconventional production means 
such as deep shaft mining but those techniques are not 
currently used for production and involve much higher 
production costs. 

"Economic reserves" are those reserves which can 
profitably be mined at current price levels using presently 
Known techniques and include aggregate deposits which, as a 
rule, are nearest to the market. Although vast reserves of 
aggregate exist in the study area, only a small portion of 
those reserves are near enough to markets to be profitable 
to work at present prices. "Protected reserves" define the 


portions of the engineering reserves which are protected 
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from being lost as production sources by the imposition of 
land use restrictions. 

It should be remembered throughout the discussion of 
reserves presented in this thesis that the "engineering 
reserves’ of aggregate available to Central Alberta are in 
no way physically restricted to the study area under 
consideration. As more materials are needed, a condition 
which will be reflected in real price increases, sources 
will be developed which are located beyond the artificial 
boundaries of "Central Alberta" as defined by this study and 


shown in Figure 1. 


Factors Determining Supply Characteristics 


An examination of the relationship of aggregate 
supply and demand using the classical model can help 
illustrate the influence of factors affecting supply. 
Figure 4 depicts the supply and demand curves that would be 
typical for this industry. The steep negative slope of the 
demand curve reflects the highly price inelastic character 
of demand for sand and gravel in the range of prices and 
quantities with which we are concerned. 

Concentrating on quantities of supply, two plateaus 
of supply can be identified. "Stock" supplies are 
considered to be available engineering reserves of sand and 


gravel and are based on sources represented by the given 
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natural distribution of materials in an area and are limited 
only by the physical existence of those reserves and the 
technology available to mine a portion of them. 

Stock supplies decrease as aggregate is consumed but, 
given a level of extraction technology, do not fluctuate. 
"Flow" supply, on the other hand, is the supply of material 
actually being marketed by producers. It is this supply 
which can be affected by changes in demand and which is 
shown in Figure 4. 

The low end of the supply curve represents the 
supplies available at low prices: materials close to the 
market or low quality materials close enough that savings in 
transportation costs are enough to cover the cost of 
improving the materials to a marketable quality. That is, 
when price is p, (see Figure 4), the quantity of material 
that can be produced is q,: That quantity, ane is made up 
of the nearest, highest quality materials. Actual prices 
adjust to allow the production of that quantity of gravel 
which is necessary to supply local demand. Therefore, at 
price p, (Figure 4) enough more distant or lower quality 
aggregate can be produced to satisfy the quantity needed 
(q, ) to provide equilibrium with demand. The incremental 
difference in price ip iapye) is enough to induce production 
of the additional quantity Reictel necessary to satisfy 
demand, q,. 

Decreasing stock supplies (engineering reserves) 


shift the supply curve ss in Figure 4 to the left to s’s’. 
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Instead of supplying quantity q5/ au price ps the industry 
is willing to supply only alee A new equilibrium point is 
established at price P, and quantity G7 herquantity ts) 
slightly reduced because while one is still on the same 
highly inelastic demand curve, a decrease in consumption due 
to a slight amount of price elasticity occurs. The change, 
in reality, may be so slight as to be immeasurable and is 
normally more than compensated for by growth in demand due 
to economic expansion. Significant changes in demand wil] 
result only from actual shifts in the demand curve, as from 
deeto ad ds an kigures4a1'ssuch: shifts will. oceur “only with 
changes in household income, economic activity or population 
growth. 

Since the supply function is readily identifiable as 
the flow supply and is essentially stable over a period of 
several years, any changes in supply which have occurred 
over the last several years will be due to shifts in the 
demand curve. Data on supplies delivered over a recent five 
year period is available as well as the corresponding prices 
and will be used in an effort to estimate the price 
elasticity of supply later on in this..chapter. 

Figures 5, 6 and 818 present an engineering oriented 
analysis of factors determining supplies. 

Figure 5 illustrates the relationship between the 
price of a mineral and the demand for it as described by 
Medford.17 The price of aggregate is found to be a function 


of not only demand but, because of the finite quantity of 
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economic reserves, a function of economic reserves as well. 
A decrease in demand can cause a decrease in price while if 
the depletion of reserves could be reversed, price wou ld 
also decrease. The curves in Figure 5 are actually the 
Supply curves ss-and s’s’ in Figure 4. | Justias the level of 
reserves determines the curve, in Figure 5, which is 
applicable at a given time, a change in the state of 
reserves determines whether supply curve ss or s’s’ or some 
other supply curve is used in Figure 4. 

Figure 6 shows how the tenor, or grade, of material 
which is extracted is determined. When prices are low 
extraction of only high grade materials having a low cost of 
exploitation is possible. As prices increase it becomes 
possible to utilize lower grade sources because the higher 
prices can cover the cost of the additional processing 
required, that is, it is feasible to move to situations 
described by the curves to the right of Figure 6. The 
situation can be represented, classically, by disaggregating 
supplies into different supply curves, each representing a 
different source of material, as in Figure 7. 

Line ss in Figure 7 represents the supply curve for 
naturally high grade materials. Line s’s’ represents 
supplies of materials which must be processed before they 
are of similar quality. Figure 7 assumes that we are 
interested only in a supply of high quality materials for 
the moment and, for simplicity, that both types of material 


are the same distance from market. At price Pp, VETS 
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possible to produce only quantity q, and only naturally high 
quality materials. In fact, it is not possible to produce 
beneficiated material until the price reaches p,. At that 
price, the total amount of quality material produced begins 
to contain a contribution from beneficiated supplies. This 
iso ullestnated in Figure 7 by the fact that. Tine s"s"., 
representing total supplies, overlies line ss up to that 
point. ~At price Pp; both naturally high quality materials 
and materials obtained through processing are produced, 
quantities ae and q, respectively, adding to a total of q,- 
This shows that at equilibrium the price is high enough to 
provide sufficient quantities of a particular quality of 
material, whatever the condition of the source may be. As 
the cost of exploitation or processing increases, prices 
must increase accordingly to allow production of the same 
grade of material to continue. 

Figure 8 shows the relation of quantity of reserves 
to quality. Economic reserves are a function of tenor. The 
lower the quality of material that price will allow to be 
produced the higher the level of reserves of materials which 
become available. 

Economic sources of materials at present are so 
plentiful in the Edmonton area that price is governed 
primarily by demand. High quality materials will be in good 
supply in Central Alberta for some time so that while the 
price of exploitation may vary slightly, essentially the 


same quality of material will be produced. While some 
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increase in royalties paid to aggregate owners will be 
evident, the major size of current reserves means that 
hauling distances need not increase significantly within the 
next 15 to 20 years. 

Reserves of high quality materials in the region are 
the most limited of the types of material available. 
However, as the quality of the material available decreases 
and prices rise accordingly, significant supplies’ of 
conventional materials become available at slightly higher 
prices since it becomes economical to transport quality 
materials for greater distances or to further process lower 


quality materials. 


Factors Affecting the Real Price of Aggregate 


Two factors cause real changes in the price of 
aggregate, that is, changes other than those resulting from 
general price level movements. The real price is dependent 
on increases in transportation costs and, as is the case for 
any non-renewable resource, the cost of developing and 
extracting incremental supplies. 

As aggregate deposits near a market deplete, 
aggregate must be transported farther to the point of use, 
increasing the supply price. Assuming loading costs remain 
the same regardless of transfer mileage, haulage costs will 


currently increase, on average, the price of a ton of 
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aggregate, by about 14 cents for each additional mile 
hauled. On a $5 ton of aggregate that amounts to a 2.6 
percent increase in its price. For a $40,000 house, using 
300 tons of aggregate, the increase in costs amounts to only 
about 0.1 percent for each added mile. 

Consider Figure 7 once more. It is not unreasonable 
to assume that the extraction and processing costs for a 
particular quality of aggregate are the same regardless of 
the location of a source. Therefore, the only reason for 
there to be a difference in the price of those supplies 
would be if there was a difference in the cost of 
transporting the material to market. That accounts for the 
incremental costs associated with incremental supplies. The 
unit cost of transporting will determine the slope of that 
line and as costs increase the line will slope more steeply. 

A ten mile increase in hauling distance would be a 
realistic increase since, if urbanization is the cause of a 
producer’s move from an area, a company will likely move 
well out of the community so as to not encounter such 
problems again in the near future in response to increased 
urbanization. A 10 mile increase in haul would cause a 1.0 
percent increase in the cost of a house. Using the same 1 
percent increase figure, the cost of $786 million worth of 
building construction would have cost almost 8 million 
dollars more in 1976. A mile of road using 60,000 tons of 
aggregate would cost $78,000 more or if aggregate makes up 


25 percent of the cost of the roadway, 6.1 percent more. 
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Where local road construction cost $86.4 million in 1976 
(using a 6.1 percent increase in cost) and Other 
Construction cost $136 million (using a 1 percent increase 
in cost) the total additional cost of a 10 mile increase in 
hauling to the region would have been about $15 million in 
1976 or 1.5 percent of expenditures. 

The other factor influencing the real price of 
aggregate is the cost of acquiring supplies. As more 
aggregate is demanded, the price paid to owners of aggregate 
is bid up. In Figure 7, for example, this would be 
represented by a movement up the demand curve ss from Pod, 
to Py d6° If enough material is required an additional cost 
must be incurred to develop new deposits which will have a 
different basic cost because of varying extraction and 
processing requirements. The result is a move to a 
different supply curve as represented by a switch from 
supply curve ss in Figure 7 to supply curve s‘s’. 

An individual who owns reserves which are economic to 
extract stands to profit from such an increase in market 
princes cjulssiindica ted? wn *Ghapten dds, tathewiee> paid tojrashland 
owner for gravel extracted from his land varies from 10 to 
60 cents per cubic yard in Central Alberta and is highest at 
points closest to Edmonton. Although dependent on the 
quality of the aggregates, as supplies diminish, the cost of 
10 and 20 cent per ton aggregates increases to 30 and 40 
cents per ton. The effect of a 10 cent rise on these prices 


is only about one-tenth of the effect of increasing hauling 
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distances (by 10 miles) but is a significant contribution to 
real price increases. 

The prices shown in Table 11, for the years 1964 to 
1977, illustrate the effect of demand on aggregate pricing. 
While transportation costs rise as the result of the 
depletion of nearby aggregate reserves or inflation, or at 
least do not change, royalties are set by long term contract 
and remain essentially stable. Therefore, any downward 
Fluctuations in price will reflect changes in demand. 
During the period considered, the Construction Price Index 
consistently increased, but downward fluctuations in median 
aggregate price were experienced in 1969, 1970 and 1976 in 
response to decreases in regional economic growth rates and 


subsequent decreases in demand for aggregate. 


Recent Price Levels 


As noted previously, Table 11 shows the range of 
prices charged for a typical aggregate product, 3/4 inch 
sized, crushed gravel, delivered to various points in the 
city of Edmonton during the years 1964 to 1977. The change 
in the mid-range price (Column 3, Table 11) varies from year 
to year, decreasing in some time periods but generally 
increasing. <A comparison of a gravel price index and an 
index of new construction costs shows that gravel prices 


have escalated at rates similar to the growth rates of local 
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construction costs. When aggregate prices have tended to 
increase at rates much in excess of those for general 
construction, price increases have been arrested for one or 
two year periods until they adjusted to similar levels. By 
1968, the gravel price index had reached 164.3 while the 
construction cost index had increased only to 111.2 from the 
same 100.0 base in 1964. Price decreases in 1969 and 1970 
reduced the disparity to the point where the gravel price 
index was 133.6 and the construction cost index was 121.9. 
By 1974, the indices were 214.3 and 219.9 respectively. A 
major increase in price resulted in indices of 330.0 and 
261.3 in 1975 but a decrease in price in 1976 brought the 
index levels closer together again: 305.0 versus 312.9. 
The years during which aggregate prices decrease correspond 
to periods during which construction expenditures slowed in 
growth or dropped, as in 1969 and 1970, and 1976.19 The 
fluctuations in price growth are a response to changes in 
demand rather than a response to changes in actual reserve 
availability or tenor as the availability or quality of 
sources of supply changed little during that period. 

Table 12 compares changes in typical delivered and 
pit location prices during the 1975 to 1978 period. While 
pit prices have excalated over 60 percent during the period, 
delivered prices have, on the whole, decreased. Since, as 
shown in Chapter IV, 85 percent of aggregate production 
costs are made up of labor and operating costs, both of 


which move readily with general price levels which have 
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increased by over 27 percent since 1975, about half of the 
pit price increase is accounted for by general price level 
movements. The other nearly 56 percent has resulted from 
price increases specific to the construction industry and 
includes a reflection of the higher demand levels that have 
existed in the region. Loading and hauling costs increased 
by 16 percent (for a typical 6 mile haul) during the 1975 to 
1978 period but appear to have been offset by cost reduction 
measures such as the use of larger trucking equipment in 
hauling operations and by price cuts resulting from 
heightened competition. 

The costs of meeting more significant environmental 
regulations may increase costs somewhat in the future but 
these are not of a significant magnitude compared to 
increases resulting from transportation cost increases. As 


indicated in "World Resources" the: 


cost of environmental requirements, the expense of noise 
and dust pollution, safety and recovery or reinstatement 
of land will vary...The cost can be anything up to 15% 
of production costs when producing crushed aggregates 
near a conurbation. ?° 


Supply Elasticity 


We have seen that stability characterizes the supply 
function of aggregates. In contrast, demand is much less 


stable, shifting in response to changes in the rate of 
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regional growth. Accordingly, these conditions permit an 
attempt at estimating the price elasticity of aggregate 
supply. 

The basic data for the measurement is given in Table 
13. Regrettably, complete data can be assembled for only a 
four year period from 1973 to 1976, owing to the lack of a 
longer time series on aggregate consumption. The equation 


used was: 


ers Pa 
qa eniB ete 


where: qa is the percentage change in aggregate 
consumption: 
Pa,Pq are indexes of the price of aggregate 


and the general price level, respectively. 


Therefore, (Go) is the change in the real price of 
aggregates. The following results were obtained from an 


ordinary least squares regression. 


Pa 
qa= -2.525 + 0.418 (Bq) 


t=0.496 


Correlation coefficient=0. 331 


The population variance of the regression is 3.55 and 
used in conjunction with the estimate, provides a 95 percent 


confidence interval estimate for the slope coefficient of 
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0.020 tond¥s tee 

Though the R? is low, the coefficient of real price 
has the correct sign. Obviously, however, the short time 
period contained in the regression precludes its use as an 
acceptable measure of supply elasticity over the long-term 


forecast period of this study. 


Edmonton Prices Versus Prices in Aggregate 


Deficient Areas 


To provide some insight into what aggregate prices 
might be if supplies were much less plentiful, prices in 
areas where supplies are scarce were examined. 

A number of regions have been identified by the 
United States’ Highway Research Board as being aggregate 


poor. The Board states that the: 


greatest shortages of naturally occurring aggregates 
exist in the Mid-Continent Region and the Southeastern 
Coastal sections of the United States. The severest 
shortages are found in areas along the Gulf Coast...To 
some extent the shortages have been offset by better 
exploration methods and greater emphasize on surveys of 
new natural aggregate sources. 2! 


Table 14 lists the prices of several typical 
aggregate products in Edmonton and in several regions of the 
United States, including some considered to be "“aggregate- 


poor", as determined by a City of Edmonton survey. 


a Oke 
wim toon 36. HeShot tede aR qt at FF ome Quit 
aint’ t’ Fviescis ywieyan .MPuetvdd apts er 
se salient nahivi catia aphederiged alsa bento 

| de! hate ‘teete Yiqewe iw ageedy 3 
yousp ota te clea X 
; { 


3 iw, oA Torah Sang, aetna ty ar 
| Reinet gael) taimtare oo} Foenia. 9 ued. 
"32-826 bu B1g 25) tee averiye 

i vo bei* ti ngt) nest evetweien pea a Teac a a | 
| 1659 Tey Enea Rewiott pened t 
jaiit rad sa 4532 Slat a 

1S OT.3 ta Leal arr 7 | 


paves art ‘br Tod ob th een Line] 2 PM 


; ga oa : Gea ee ef 6 je BGG) ss 
. * 5 Bes \ weer Te Sik BY ‘a > we ~¢ a a" 5% 

(2s j@8 vr tareze ass Nigitemgiioots at? Tis 

1a 24uBY Wie: Mo aS Tests daerig ® 2enn Taq not 


peaie) whe Slhos poe 1& 


sidst 
. athe ‘3 

ot Fe goolge: (sieves al- bie sOtaeeb2/n? 2fauberg atagenpes 
“Hegepes” sl. OF HEHE Tehbe mms Ealowtocit . sainté aM NAD: 


wv we noinedbe bo vthd a vd bil ascule ae han . 


fectuwi. Teveves in eeatie sa? ateti 


67 


Only two of the locations which replied actually 
indicated a supply shortage. Norfolk, Virginia must use 
lower grade materials imported from locations 250 miles away 
and Cedar Rapids, Iowa is experiencing a shortage of coarser 
materials. Many correspondents did indicate that supplies 
of good materials were dwindling and environmental 
regulations were cited as being a contributing factor to 
supply difficulties. While Edmonton prices ranged from 
Significantly less than the mid-range prices for the 
products shown to 4.4 percent above; prices in Norfolk and 
Cedar Rapids ranged to as high as 39.5 percent higher than 
the mid-range prices. If this limited data can be taken as 
an indication, depletion of reserves could result in 
aggregate product prices as much as 140 percent higher than 
those in regions with adequate reserves. Basic aggregate 
costs for an average home would then rise from $1500 to 
$2100 or account for 5.6 percent rather than 4 percent of 
the basic construction cost of a house. The price of the 
house would increase by 1.7 percent. The cost of a mile of 
roadway, using 60,000 tons of aggregate, would increase by a 


Significant 11.7 percent. 
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PRICE OF 3/4 INCH SIZE CRUSHED GRAVEL 
(1964-1977) 


Range Median Change Grave] 
From Price 
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Year (%) |1964=100 
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TABLE 11--Continued 


1975) 4et5+5--10 


1976} 4.10-4.44 
Si more 


Source: City of Edmonton. 
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Const’ n 
Cost 
Index 


1964=100 


Unpublished data from files. 
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PAB EMy2 


CHANGES IN DELIVERED AND PIT PRICES OF AGGREGATE 
(1975-1978) 


Delivered Price Price at Pit 


Price Median|Gravel Price Median] Gravel 
Range Range 


esis 


Source: City of Edmonton. Unpublished file 
data on materials costs, 1978. Steel Brothers 
Canada Ltd., Edmonton. Price Lists, 1978. 
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TABLE 19 


PRICEGELAST TOL TRY: DAWA 


Parameter Year 


19-723 1974] 1975 1976 


Actual Gravel Price 


Indexed Gravel Price 


Regional Aggregate Consumption 


(1000's of tons) 
Consumer Price Index (CPI) 
(1971=100) 
Percent Change: Actual Price 
Ges 
from previous year 
Percent Change in Consump- 


tion from previous year 


Source: Table 9, and D. Pridy, Edmonton Regional 


Aggregate Study, Report prepared for City 
of Edmonton, Engineering Department, July, 1978. 
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TABLE 14 


COMPARISON OF AGGREGATE PRICES IN NORTH AMERICA 
Meal Wy OL ) 


Municipality Product 


Portland|Asphaltic Road Crushed 
Cement Cement Stone Gravel 
Concrete} Concrete! (Limestone) 


(Del’d) 


Edmonton 
Huntington, W.V. 
Cedar Rapids, lIowa 
Jacksonville, Fla. 


Denver, Colo. 


Los Angeles, Cal. 


Ciacina&ta ,cOhio 
Norfolk, Va. 


Des Moine, lowa 
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TABLE 14--Continued 


Municipality Product 


Portland|Asphaltic 


Cement Cement 


Concrete} Concrete] (Limestone) 


(Del’d) 


Buffalo, N.Y: St 5200 
Miami Beach, Fla. 2200 2250 
Minneapolis, Minn. T1950 


Tampa, Fla. 


253-36 1LOMS28 
$30.64 $16250 


Range 


Mid-Range 


Source: City of Edmonton. Results of unpublished 
survey conducted by Engineering Department. 
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CHAPTER IV 


REVIEW OF AGGREGATE USAGE PREDICTION MODELS 


Other studies which have predicted future aggregate 
usage were referred to in determining the approach to be 
followed in formulating a prediction model for this study. 

Several studies of this type have been conducted 
elsewhere in past years and they are examined in this 
chapter. The most notable were two conducted previously in 
Canada. The first of the two, the Mineral Aggregate Study 
of the Central Ontario Planning Region??, was prepared for 
the Ontario Ministry of Natural Resources by Proctor and 
Redfern Limited, completed in March, 1974. Work in Ontario 
has since continued toward developing a reasonable mineral 
management program for the heavily populated Central Ontario 
region. The second study, completed in June, 1976, by the 


UMA Group: Aggregate Resources of the Winnipeg Region?? was 


prepared for the Manitoba Department of Mines, Resources and 
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Environmental Management. 

Figures 9, 10 and 11 are schematic diagrams of the 
steps employed in preparing projections of aggregate usage 
in the Ontario, Manitoba and this, Alberta, study 
respectively. The methods employ elements which are 
similar, and in some cases identical, in nature. Each 
starts with a projection of population which is then related 


to some measure of economic activity in the study area. 


Central Ontario Planning Region Model 


The model used in the Central Ontario Region started 
with projections of: (i) provincial population and (ii) per 
capita income. The product of the population and provincial 
per capita income projections was a projection of potential 
Gross Provincial Product with the construction share based 
on historical experience. This yielded an estimate of total 
construction in the Province of Ontario. 

Based on the relative population of the region and 
its growth rate compared to the province’s, annual spending 
on construction in the Central Ontario Region was then 
derived from the provincial data. The proportion of the 
region’s past spending in the residential, non-residential 
and engineering sectors was utilized to determine annual 
spending in each sector. The dollar values within each 


sector were then multiplied by factors accounting for the 
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typical quantity of aggregate used, per constant 1971 dollar 
spent on construction in a particular sector, to determine 
total annual and cumulative usage of aggregate to the year 


2001. 


Winnipeg Region Model 


A linear regression was used to relate spending on 
construction in Manitoba and the number of households 
present in the province. A projection of Manitoba 
population, coupled with household formation trend 
predictions, was employed to obtain a prediction of annual 
provincial construction spending. Historical data on 
spending in different construction sectors; residential, 
non-residential, road, and other engineering, was used to 
separate provincial data into sectors and past data on the 
proportion of each sector’s spending which had taken place 
in the Winnipeg region allowed estimation of Winnipeg’ s 
share of sectoral spending. As a final step, aggregate 
input factors were applied to the spending estimates to 
determine aggregate usage in the area to the year 1996 with 
an extrapolation made to 2026. An alternate forecast based 
on a different population growth trend and a separate 
analysis of high quality aggregate usage rates were 


provided. 


assy: ists sPavgliet gre not Sou d2009% 
een pa ro aaa ivirshudua Ong ie 7 ; 


~ - 
| : Vs / ih = 


. f tg 
Tom: nother peg iont we) kor | 
pial? te. a 

7 Fe a wel uf ve 


| ) -) 
don Qi e8eu) 2ew Ae! eegnrget “neont! A OO 


sachin of) bre. “eee fine ny noriountad 

itt 7 «FZ hee ore fh sia 9693 ea ni ge : 
: * ot 4) gtk weet, FS te bel aloo no isty 
GO" 2). Sat eae 20% anor 19. ih 
! “bron di) ae Hoeua Wel PON TEND iets oni ¥ 

A : 1olosa nol i ssrieews Jjoese? 1 tee on . 
aanitond . sertike ny ia .beo4 jg¢Ptagbte 3 

lary yes i »-y> uot Pern | sie Totomiveng oie ; . 

isc Moto Grpphmieces ae “gp nt roe Yo cot fe 3 ‘ 

uo? Taq vee Ree he. oe! ici olan 

a Last ye | Set ent es ‘Bey ttorece feqgfosas To. ie 
i esTonl 28 Ofte Gio perigns stew ero 20% tugnt 


1 abe? “ceva, » es alinenter Sue) *tecoraye: ataaatnay 
bessd: Seedai0o1 sien ax nar 20898 o2 oben ~ a 


Sizvseee 5 bné ‘ones Alea dot fe ugaq Srne7se? 
Siow 22454 shseu athiited Mt? taup. Sp het Fee olan me 


(ei 


Central Alberta Region Model 


The Alberta study started with a linear regression 
relating total building and engineering construction 
spending in Alberta with the absolute number of households 
present in the province. This was done to project 
provincial construction spending. Allocation to the region 
was made by the relative number of households and by the 
area’ s growth rate relative to that of the province. 

Initial proportions were based on the number of households 
in the study region to the number of households in Alberta 
in 1977. The growth rate of numbers of households was 
different for the region than it was for the province as a 
whole, so allocations in subsequent years were based on the 
ratio of households predicted to exist in the future year 
under consideration. Historical data on the proportion of 
construction spending input into each of the building, road 
and “other" construction sectors was used to determine 
sector spending in Central Alberta. Aggregate input factors 
in tons per dollar were used to obtain tonnages of material 
used in the region. The usage was further allocated between 
sand, gravel and high quality materials. The results of the 
application of this model to the Central Alberta region are 
given in Chapter \V. 

The Ontario model makes a number of assumptions which 
may make its results questionable. The model assumes that 


all investment funds generated in Ontario are invested in 
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Ontario and all funds invested in Ontario originate in 
Ontario. In addition, the model assumes a relationship 
exists between gross provincial product and investment. The 
use Of a projection of personal income involves uncertainty 
in future levels as well as in means of valuation. 

The Manitoba model was based on a projection of 
historical data on households and construction spending. 
However, the use of only ten years of data in obtaining a 
regression line, as shown in Appendix 1, could result in a 
serious error in the predictions. 

Both the Ontario and Manitoba models are discussed in 


more detail in Appendix 2. 
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PROVECTION OF 
PROVINCIAL POPULATION 
PROVECIMON, OF PER’ CAPITA 
INCOME BASED ON HISTORICAL 
SERLESHOR ren GAP TL TA 
INCOME PROJECTION OF GROSS 
PROVINCIAL PRODUCT 


PROJECTION OF PROPORTION 
OF GPP GOING INTO 


CONSTRUCT ION--FROM 
HISTORICAL DATA VALUE OF CONSTRUCTION 


FOR-Ay-GIVENY EAR 


PROPERTION OF CONSTRUCTION 
SPENDING ALLOCATED TO 
CENTRAL ONTARIO REGION 
BY RELATIVE POPULATION 
AND GROWTH RATE ANNUAL CONSTRUCTION 
SPENDING--CENTRAL 
ONTARIO REGION 
HISTORICAL DATA ON 
PROPORTION OF SPENDING 
GOING INTO RESIDENTIAL, 
NON-RESIDENTIAL AND 
ENGINEERING CONSTRUCTION ANNUAL SPENDING 


RESIDENTIAL, NON- 
RESIDENTIAL AND 
ENGINEERING 
SECTORS 


AGGREGATE INPUT FACTORS-- 
THAT CUSS TRONS ZDOLLAR 
FOREACH TBE? OF 
CONSTRUCTION AGGREGATE USAGE IN 
JONSSBEORSEACH 
CONSTRUCTION SECTOR 


MEGURE SS 


SCHEMATIC DIAGRAM - PROCTOR AND REDFERN 
ONTARIO MODEL 
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LINEAR REGRESSION 
RELATING HISTORICAL 
SPENDING ON CONSTRUCTION 


IN MANITOBA AND 
NUMBER OF HOUSEHOLDS 


PROJECTION OF 
PROVINCIAL POPULATION 


AND HOUSEHOLDS 


PROJECTION OF 
CONSTRUCTION SPENDING 


HISTORICAL DATA ON 
SPENDING IN DIFFERENT 
SECTORS | 


ALLOCATION OF 
SPENDING Gr SECTORS 


HISTORICAL DATA ON 
PRORORIMONGOFRSECTORS| 


SPENDING IN 
WINNIPEG REGION 


WINNIPEG SHARE OF 
SECTORS’ SPENDING 


AGGREGATE INPUT FACTOR 
=- THAT; 1S), TONS/ DOLLAR 


FOROEACHEUSECTOR OR aF PE 
OF CONSTRUCTION 


AGGREGATE USAGE IN TONS 
FOR EACH 


CONSTRUCTION SECTOR 


FIGURE 70 


SCHEMATIC DIAGRAM - 
UMA’ S WINNIPEG MODEL 
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LINEAR REGRESSION RELATING 
HISTORICAL SPENDING ON 
TOTAL BUILDING AND 


ENGINEERING CONSTRUCTION 
IN ALBERTA AND NUMBER 
OF HOUSEHOLDS 


PROJECTION OF 
CONSTRUCTION SPENDING 


PROJECTION OF POPULATION 
AND HOUSEHOLDS IN ALBERTA 


PROPORTION OF SPENDING 
ALLOCATED TO CENTRAL 
ALBERTA REGION BY 


RELATIVE NUMBER OF 
HOUSEHOLDS AND 
GROWTH RATE 


ALLOCATION OF TOTAL 
CONSTRUCTION SPENDING 
TO CENTRAL ALBERTA 


HISTORICAL DATA 
ON PROPORTION OF 
CONSTRUCTION MONEY GOING 
TO BUILDING, ROAD AND 
OTHER CONSTRUCTION 


ANNUAL SPENDING BUILDING, 
ROAD AND "OTHER" 


CONSTRUCTION SECTORS 


AGGREGATE INPUT FACTORS 
ve RONS/ DOLLAR FOR EACH 
CONSTRUCTION SECTOR 


AGGREGATE USAGE IN 
TONS FOR EACH 
CONSTRUCTION SECTOR 
AGGREGATE USAGE IN TONS 
OF EACH MATERIAL FOR EACH 
CONSTRUCTION SECTOR 


PLGURE ia 


SCHEMATIC DIAGRAM - 
CENTRAL ALBERTA MODEL 
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CHAPTER V 


APPLICATION OF A PREDICTION MODEL FOR AGGREGATE 
USAGE IN CENTRAL ALBERTA 


Having described the engineering and economic 
background of the aggregate industry in Chapters I, II and 
III and discussed prediction models for growth in aggregate 
usage in Chapter IV, this Chapter presents the results 
obtained when the Central Alberta Region Model was applied 
to the data. 

The estimates of aggregate usage derived from using 
the most probable population growth rates for the region 
(Projection 1) are given in Tables 15 and 16. Table 15 
gives the annual usage rates of sand, gravel and concrete 
quality materials for the years 1978 to 2007. Table 16 
lists cumulative usage of these materials for the same time 
period. Table 17 summarizes final cumulative usage figures 


derived from using the most probable and several less 
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probable growth rates for the study region. 

While the most probable prediction rate is based on 
low fertility rates (1.895) and medium net in-migration 
(7000 per annum for the Edmonton sub-region), the other 
three projections; 2,3 and 4 are based on low fertility, low 
migration (3000 per annum); medium fertility (2.173), medium 
migration and high fertility (2.432) and high migration 
(11,000 per annum) respectively. The urban population 
growth rate was combined with a rural growth rate estimated 
at 1.2 percent per annum, over the period, to arrive at an 
overall, regional, growth rate. 

A detailed presentation of the prediction methodology 
is given in Appendix 1. 

As shown in Table 15, total annual usage of 
materials, according to Projection 1, increases from 
13,520,000 tons in 1978 to, nearly double, 25,950,000 tons 
in 2007. Cumulative usage of sand, gravel and concrete 
materials for the thirty year period, as given in Table 16, 
amounts to 69,680,000, 299,560,000 and 226,310,000 tons 


respectively; a total of 595,550,000 tons. 


Consumption of Reserves 


Table 18 is reproduced from the "Edmonton Regional 
Aggregate Study" and lists the engineering reserves of 


materials estimated to be available in the study region. 
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The reserve figures recorded for each municipality are 
restricted to those parts of the unit included in the study 
aneay. 24 

Table 19 compares usage rates, as obtained from 
Projection 1, with the reserves potential. 

The data in Table 19 indicate that supplies of 
aggregate are much in excess of requirements to the Year 
2007 according to Projection 1. Table 20 contains the same 
comparison using the projection with the highest usage rate, 
number 4. 

Cumulative usage of material amounts to only 6.9 
percent of total engineering reserves for all materials 
consumed in the most probable case (Projection 1) and only 
7.9 percent of reserves in the maximum population growth 
case (Projection 4). Material usage in each category is 
13.8 to 14.2 percent higher from Projection 1 to Projection 
4. That is, while total aggregate usage for a final 
population in the study area of 1.25 million is 595.6 
million tons, total usage for a final population of 1.56 
mikion bs6 -heSmi Lion tons pee. 9 mil inion ctons corielh3:28 
percent more. This 81.9 million ton difference, however, is 
only slightly less than 1 percent of total reserves of 
aggregate in the area. Although 81.9 million tons appears 
to be a significant quantity of material, it represents only 
3.2 years’ supply at Year 2007, Projection 1, usage rates. 

A more significant concern is the effect of consumption on 


the three major sources of aggregates. 


eth oii teq) shed ome ‘oh abnease 2 


Youte afi 4) BoektSel cea Feanrag eect) OF 
side en 2a egman aerscpROs et ofdet ni | 

(sta haregn seyret Gd AD iws uy mots sie 

que pe) Skea hbint @t afdet of) saeG ety 

| es on BEI OF oom 98 99 8 

inet | Aotieser, oh: sritnoote # 

opteris iy fit wo P shanna mre aaaias 

2 +38 

34 ound. hatteven %. spRay avi te fmt = 

posted ThA 4e+ geveeees pnn he on tigre fates, ag 


- 
ab 


arty?) eoto Sitadibeg) feom say -ah vd 
: sian a 


(aes kan <tT oP geevaegen. tan Ingoneg &. 

23 vitae “lode of sgeeie (het | he noi taatont nt 
efors eh? nol? sepet’ mga pata hi jreanag: Soht 018 

jani= « Yo? see 4i5ee err tated ott cat tat 

SG) et pyed itt a8. ten aoe oeny te eet nit norte tu 

io po: talemely Peet einer si dab {gas vant ¢ th a 

5s. cnet aoptletn BUS Peed pets Thi <. 82. at. ahi Oo 

. syewer sarena’t lb pet nett Pale. 6o eet _ atom ae : 
ta. 26v"6604, (4902.76 idan-19q, | pers wget <Ftdgt tal i 
eg aod, ‘neal hn er rglicsTES se 76 SAP nt 21981008 
yin =ineeanges 21: 6/8) gate ve iiHeup ingot? tngis 5 od of 
Sein. GOeaeu.! notenacast 80S Nes} ts ¥laqwe | sansa 8.8, 

nS NOS OEees 2o 198e7TsSads j2I ony iraakt tigia: stom A 
eeisesigpe to 2eooue2 Adbemncew att. mn 

, i ama if 
) i 


85 


In the case of Projection 1, only 1.3 percent of sand 
reserves are indicated as being consumed. Relatively more 
significant portions of the scarcer, more useful coarse 
gravel and quality materials would be consumed; 13.4 percent 
and 20.U percent respectively. This means that, if the 
percentage growth rates for aggregate usage as obtained in 
Projection 1 are maintained for succeeding 30 year periods, 
Known engineering reserves of high quality coarse materials, 
that is, those within only the study area, would run out in 
72 years (in 2050) and regular quality coarse aggregate 
would run out 15 years later in 2065. Projections 1 through 
4 resulted in projected per capita usage rates of the 
magnitude of 20.6 tons per annum by 2007. If per capita 
usage is 25 or 50 percent higher, or 25.8 and 30.9 tons per 
capita, for each year in the 30 year period, Projection 1 
usage would be 744.5 and 893.4 million tons respectively. 

If the same proportions of the different types and qualities 
of materials are used, then, when per capita usage was 25 
percent higher, quality materials will run out by 2050 and 
glacial and recent gravel by 2065. If per capita usage is 
30.9 tons by 2007 or 50 percent higher, quality materials 
will be exhausted by year 2050 and other gravel by 2060. 

At the most probable of expected population growth 
rates, conventional and quality materials in the study 
region will deplete by Year 2050 and regular gravels by 
2065. A 25 percent higher population growth rate will 


exhaust Known reserves three years earlier while a 25 
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percent increase in per capita usage will have the same 
effect as a 25 percent higher population growth rate. A 50 
percent higher per capita usage will reduce reserves by from 
5 to 10 years’ supply. 

The discussion of reserves presented in this section, 
as an indicator of the longevity of reserves, appears to 
imply that significant sources of aggregate do not exist 
outside the boundary of the study area. In reality, and as 
indicated previously, as nearby sources deplete and the 
relative price of aggregate increases, the study area 
boundary recedes as aggregate will be brought in from areas 
outside the boundary. The fact that reserves of a given 
type are indicated as being depleted 65 or 80 years in the 
future does not mean that all construction will grind to a 
halt, never to resume. The foregoing is included only to 
give the reader a feel for the life of reserves within a 
defined area. In short, the Central Alberta study area, as 
outlined in Figure 1, is significant only as a delimiter of 
a geographic area of interest for the purpose of this 
thesis. 

Although materials will be available for many decades 
to come it will be the more valuable coarser materials which 


will deplete first. 
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Conservation--A Complicating Factor 


The means by which supplies increase makes it 
difficult to induce conservation of aggregate materials. 
Although prices increase, engineering reserves never deplete 


and as was indicated by Francis: 25 


The purer a deposit, the lower is the technology of 
processing, the lower the energy requirement and 
therefore the lower the cost of exploitation. These 
factors lead towards a reduction in reserves by 
encouraging demand, and whilst reducing the likelihood 
of conservation they are the very -factors which should 
raise concern about the need to conserve. When minerals 
are extracted from less pure deposits, a higher 
processing technology is needed, together with a higher 
energy requirement, and this has the effect of 
increasing reserves, and reducing demand and the need 
for conservation. 


Reduction of Reserves by Other Factors 


The data referred to in the previous section assumes 
that the reserves are reduced only by consumption as 
building materials. A potential problem in making that 
assumption is illustrated in this comment made during a 1975 


conference on the conservation of world resources: 


As far as long range planning is concerned, with 
construction aggregates the key to their use is their 
close proximity to the consumer. This always gives rise 
to areas of conflict with regard to land use and 
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environmental aspects, noise and dust. In many cases 
too it is found that unless long-range planning is 
proper ly considered, the deposits become covered. Once 
a city, a park or a monument has been built over an 
area, that area is lost. In Denver, Colorado, in the 
period 1935-67, some 900 Mt of reserves were reduced to 
100 Mt due to urban encroachment. 26 


Land use conflicts can result in the removal of 
potential deposits of sand or gravel from possible 
exploitation. As was the case in Denver, the expansion of 
cities and rural residential properties can have a 
devastating effect on the availability of reserves which are 
close to an urban center. However, it is not only land that 
becomes physically covered by buildings, street and other 
urban paraphernalia which is sterilized in terms of 
aggregate production. Residents have demonstrated an 
unwillingness to put up with the noise and dust generated by 
extraction operations anywhere in the vicinity. According 
to one study, while 81 percent of property owners would 
object to a pit being located 0.5 to 1.0 miles away, over 
one quarter of the same property owners would still object 
to having gravel extraction operations over 2 miles away 
from their homes.2’ The effect of these Kinds of objections 
is to make gravel extraction operations an objectionable 
land use for some distance away from urban or country 
residential locations. The possible removal of reserves 
because of such conflicting uses led to the inclusion of 
Chapter VI which considers the effects of current and future 


land use zoning regulations on aggregate reserves. 
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PROJECTED ANNUAL USAGE OF AGGREGATES 
-PROJECTION 1 
(1978-2007) 


Fear | Prov’ 11C.Alta. Annual Aggregate Usage 


Growth] Growth (1000's of Short Tons) 
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TABLE 15--Continued 


Year| Prov PiC.klta. Annual Aggregate Usage 
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TABLE 15--Continued 
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CUMULATIVE USAGE OF AGGREGATES 
se ROUECTION: 1 
(1978-2007) 


Cumulative Usage 


(1000's of Short Tons) 
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Material}] of All 


Materials 
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TABLE 16--Continued 


Cumulative Usage 


(1000's of Short Tons) 


Sand|Gravel| Quality Total 
Material| of All 


Materials 
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TABLE 16--Continued 


Cumulative Usage 


(1000/'s. fofi Short’ Tons) 


Sand|Gravel| Quality Total 
Material] of All 


Materials 
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SUMMARY: RESULTS OF ALTERNATE PROJECTIONS 


Cumulative Usage- 1978/2007 


(4:000"s-of “tons” 


Gravel | Quality 


Materials 


226300 |595600 
2100) 155 77-00 
234400 |617000 
257400 |677500 
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TABLE 18 
AGGREGATED RESERVES) -.CENTRAL.ALBERLA «REGION 
Municipality|Portion of Mineral Resource Reserve 


Whole Mun (millions of short tons) 


In Study 


Area (%) |Total |Gravel|] Quality] Total 
Sand Agar, | Acer. 
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TABLE 18==Cont tinued 


Municipality|Portion of Mineral Resource Reserve 
Whole Mun (millions of short tons) 
In Study 
Area (%) |Total |Gravel] Quality|Total 
Sand Aggr. |Aggr. 


Improvement 
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TABLE 138--Continued 


Municipality|Portion of Mineral Resource Reserve 


Whole Mun (millions of short tons) 


In Study 
Area (%) |Total |Gravel| Quality!]Total 
Sand Nefejma Wve (ele. 


Smoky Lake 
Strathcona 
Sturgeon 
Thorhild 
Two Hills 
West lock 
Wetaskiwin 


Total PI2ZGr Oe oo0lr 


Source: D. Pridy, Edmonton Regional Aggregate Study 
Report prepared for City of Edmonton, 


Engineering Department, July, 1978. 
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TABLE 19 


AGGREGATE USAGE VERSUS RESERVES 
(OM ERR 2007 - 
PROJECTION 1 


Mineral Resource Reserve 


(millions of short tons) 


Sand |Gravel|Quality 
Material 


Reserves 5240 | 2230 1.30 8600 
Cumulative Usage 

to Year 2007 69.7) 299.6 226.3 59546 
*% Consumed ers: 13.4 20.0 6.9 
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AGGREGATE USAGE VERSUS RESERVES 


TORYBARS2007- 


PROJECTION 4 


Mineral Resource Reserve 


(millions of short tons) 


Sand |Gravel| Quality 
Material 


Reserves 5240 2230 1130 8601 
Cumulative Usage 

to Year 2007 PO SSiSGOS |) eR257 H4K| t6r7 5 
% Consumed tes Des 22.56 7.9 
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CHAPTER VI 


LAND USE ZONING AND AGGREGATE RESERVES 


The study results presented in Chapter V indicate 
that Central Alberta will] actually use a relatively small 
proportion of its mineral aggregates by 2007. However, 
removal of aggregate bearing lands from the mining market 
can take place when urbanization occurs on the surface of 
lands bearing reserves. This chapter examines the 
implication of future land uses, particularly urbanization, 
for stores of aggregate. 

Table 21 presents data on the effect of zoning 
regulations on potential “engineering” reserves of 
aggregate. The locations of the sand and gravel deposits 
enumerated in the "Edmonton Regional Aggregate Study" were 
examined as to the zoning restrictions in effect at the 
location or in the absence of such regulations, the actual 


use ascribed to the location. The deposits were then sorted 
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and totalled by whether or not the land use category within 
which a deposit occurred would allow extraction. All tracts 
of land outside of the major cities and towns in the region 
were included in the calculations. 

Only 6.5 percent of sand reserves are in areas 
affected by unfavorable zoning, reducing usable stores from 
9234 million tons to 4896 million tons. Of particular 
interest is the fact that 13.2 percent of the sand reserves 
are in locations which, it is anticipated, the Edmonton 
Regional Planning Commission (ERPC) will designate as 
mineral resource reserve areas.28 The intent of these 
reserve restrictions would be to ensure the utilization of 
these areas in a sequence of applications that will allow 
the production of the mineral resources in the land before 
it is used to locate buildings or roads. 

River terrace deposits, for all three types of 
materials are divided evenly between the extractable and 
non-extractable categories. This is an assumption which 
arises because some river terrace deposits may be extracted 
while others may not and it was not possible to determine 
exactly what proportion of these aggregate deposits could be 
made available. However, 50 percent was determined to be a 
reasonable estimate based on the current approval rates for 
development applications. 

A larger proportion of gravel deposits, 14.6 percent, 
are unavailable for exploitation, reducing accessible 


reserves from 2238 million tons to 1911 million tons. 
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Inaccessible river valley deposits of gravel account for 50 
percent of the unavailable deposits of gravel while country 
residential settlement has eliminated a further 29 percent 
of the unavailable materials. Only 1.5 percent of this 
class of aggregate is protected by the proposed reserve 
area. The mineral resource reserve area delineated so far 
has been calculated to preserve deposits of high quality 
aggregate and aeolian sands and has not included 
preservation of glacial deposits. Therefore, at this point, 
medium quality aggregates are largely unprotected by any 
specific zoning restrictions. 

Approximately 6.2 percent of quality aggregates have 
been removed from access, reducing potential supplies from 
1127 to 1057 million tons. One of the main objectives of 
the ERPC mineral resource reserve is to protect the quality 
aggregates in the Edmonton region and, under present plans, 
23.6 percent of these materials would be located within the 
protected zones. 

In total, 8.5 percent of all materials have been 
removed from production and 11.3 percent of all materials 
are included in planned resource reserves. 

Table 22 summarizes the total available reserves, 
usage and unexploitable materials quantities as of the year 
2007, assuming no further deposits are eliminated by 
urbanization and also assuming the use of Projection 1. 
Accordingly, 92.3 percent, 72.9 percent and 75.0 percent of 


the sand, gravel and quality aggregates in the Central 
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Alberta study area will still be available. Approximately 
85 percent of all aggregates would still be available. 

If no further reduction of reserves due to 
urbanization occurs, aggregate reserves will still be 
plentiful in the area 30 years hence. Of current reserves, 
8.5 percent of them are eliminated from consideration 
because of urban encroachment and a further 6.5 percent will 
be consumed by 2007. While usage rates are relatively low 
for this short run period, the possibility of loss of a 
significant amount of reserves to urbanization and other 
conflicting land uses is a matter that merits examination. 
As pointed out in Chapter V, land use conflicts can have 


disastrous effects on potential aggregate supplies. 


Land Use Conflicts 


Land use conflicts surrounding the extraction of 
aggregates revolve around two issues. One is the problem of 
industrial operations in conflict with residential land use 
in the vicinity of extraction sites and the restoration of 
pit sites. The other centres on the opportunity costs which 
must be considered in establishing land use regulations for 
the protection of sand and gravel reserves and the response 


of reserves to changes in real price. 
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Residential and Restoration Conflicts 


The origin of these conflicts is explained in "World 


Resources" as follows: 


In past years as urban expansion encroached on mineral 
deposits, other deposits were developed at the periphery 
of the expansion and the enveloped assets were lost to 
the community. This loss and our current higher 
demands, have led to increased transportation of raw 
materials at overhaul costs, per ton mile, approaching 
one-quarter of the production cost per ton. 


The unplanned and heediess approach to the utilization 
of mineral resources in the past has created severe 
social and economic problems. Residential districts 
exist in the midst of the noise, dust and heavy traffic 
of quarry and pit activities. Past activities are 
marked by a blighted and desecrated landscape. 28 


A multitude of reasons has made people much more 
protective of the environment of their properties than has 
been the case previously. As noted, if residential 
development is allowed in an area, the noise, dust and 
traffic caused by extraction operations brings objections, 
even if the industry preceeded the residential development. 


This quandary results because: 


Engineers, motivated as they are by short term technical 
and commercial factors, tend to concentrate on tactical 
matters. This is to some extent understandable in 
winning of nationally abundant materials. Other 
materials, which may be abundant internationally but not 
sited in the market place or rarer materials not 
available in concentrated deposits, are much more 
susceptible to strategic influences. 

There is a positive need for the engineer to widen 
his horizons and to gain a greater appreciation of 
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strategic matters. He can then seek by comment and 
credible representation to influence the formulation of 
those strategies which contribute towards better 
planning and utilization of resources rather than those 
which are sought for short term tactical reasons or 
political expediency. 3° 


The conflicts caused by engineers and developers 
result from individuals and corporate entities carrying out 
normal development activities which, in serving their 
personal and corporate interests without reference to a 
development plan which has been approved by authorities, 
have the end result, unknown to them, of consuming land 
capable of yielding mineral resources. 

These existing conflicts are of a continuing nature 
but are not irresolvable. Improved land use planning would 
eliminate basis for conflict. However, several related 


issues exist which have no simplistic answers. 


Zoning and Reserve Conflicts 


An issue of long term significance is the use of land 
use zoning to reserve aggregate deposit sites until the 
aggregate is needed. 

Where this question has been considered, legislators 
have concluded that protection of deposits through land use 
regulations is a prudent course of action. The general 


impression in North America has been that: 
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To prevent social and economic chaos, long term planning 
and control of large urban communities is necessary. 

The need to integrate a healthy and respected industrial 
mineral! industry into the official plans is apparent. 


An initial requirement in planning the proper 
development of the community is the identification and 
mapping of the natural resources available...Each 
municipality should have a map of the mineral resources 
within its jurisdiction. Proper zoning regulations 
should make provision for a raw materials base adequate 
to support the present and future population of the 
community. Proper control of the development of these 
resources should prevent exhorbitant prices and, at the 
same time, protect the welfare of the public by ensuring 
that certain performance standards are met by producers. 
The total area of land that must be set aside for 
mineral development will generally be a very small 
proportion of the total area of the community. 

Judicious planning can allow these areas to be worked 
and, later, rehabilitated to other uses with a minimum 
OfrcoOnt wicl. ss! 


A need to practice conservation is indicated. This 
“implies an awareness of the relationship between current 
and anticipated needs and Known reserves, with suitable 
allowance for possible future discoveries". 32 

Current planning horizons run to 20 and 30 years in 
the future?’ and for many purposes this appears to be a 
practical time frame. However, in the case of non-renewable 
resources many environmentalists believe that it might be 
more circumspect to consider an even longer time frame, even 
if as in the case of petroleum resources, the populace in 
general prefers to pursue more short term policies. 

Population increases expected in the region are of 
major concern when discussing land use planning. In the 


most probable case, area population will increase by 493,000 


or 


orttonel q ane): Grot: ) amie 
 wievesouy éf .2eke 

betiiaubrt osiosgesy Gree ae ce 
tre secun ei arigt< fas att - 7 


SSIES he oe hes 


Ons nor 7 So! EA be: ' 
oe oat hee, Phd hs eg onset or 
ano? sain, 8. Fi cet one ¥ 
ates oa or ae hago: fe fofoaiuh « 
staunsts Sead WRT ISS See a ae oe wes 


\ Aes 136 ey: EE ‘tite: ipmeaye any. ee 
eeont *o |) (eirsy ava Sah rr sa tig ” 
att 4 rns cl aks toat idacetke Jhows 4 Blueda’ 
vo) DP Tea, SOR tee eect | ow ott? erro aL | rem ba 
as a | 13m es steer fa DOI NE males. As 
+ ies Jee seh eh fprtt Gaed Fa! ROG oe 
Suc ay 6s Tries 4 ae? tae 1 
w) Lauienoa Sit: te kgs 10FO?. 909 ~ motte in 
“eiiaw 20 0) Beate Sega set te tie OT re aod: : 
rig = d2iw agen “etto a? batsiat iach Jonas 
| i 


: F - 
Ls ' - : 


A > B. fp 1. a 


Head raroat: ZF ris UW wen. ant fas1g ei: heen 4, 
ne, ug 


nie VAD raat. ai ddmobyels: os %e SPONS TSWS | nevade ) 
Sted ise. 0s tae. SS seer BARC bre, atrean —_ “) 

$2” a Sve Be cunt pi dt2aoq oY 

eqsew GO Bok 2S Of ned-aae eed ombenm ta: 

S 3c O22 HAGE ph ay peasy whem sgh ta tte 
swans {riots hos 2262) ait > ict ena pos a 
od. ingot. t. teak evened: sa -maeenael. 2. 
revs: Sig a* ont Jogger nays. ig Aenea t 
cit sghegid grat esdenndea. mus iG* seq vo, 
_coton it inant a 
Tous not get sad a atoatixe Mobas-saale 
ant} aie ani rinsia@ aa tbr 7 ES 
O00,.893 yo sesoroni thw ees 


/ 


108 


or 65 percent by 2007. Where current urban areas in the 
region total approximately 150 square miles, a similar 
density of population will consume another 100 square miles. 
Significant amounts of quality gravel and aeolian sand 
deposits are located within 5 miles of the city of Edmonton. 
Although accounting for only a small portion of total area 
stores, because of their proximity to markets, greater care 
could be exercised in locating development if avoiding 
encroachment on possible extraction sites is desirable. 

Of further note are country residential settlements 
which are located at distances farther out of the urban 
center. Between 1971) and:1973,, of the 800 acres of rural 
land converted to country residential land in Alberta, some 
320 acres was within the jurisdictional boundaries of the 
Edmonton Regional Planning Commission.?4 Since the agreed 
policy of the municipalities in the ERPC area has evolved to 
one of allowing a full spectrum of housing alternatives to 
be provided for the region it is to be expected that the 
current popularity of country residential housing wil] 
eont inde: 36 

Country residential development can remove from 1 to 
20 acres of land from alternate land use availability per 
household, therefore large areas of land can be consumed 
very rapidly. As a result, country residential development 
may have to be carefully planned if it is desired to 
preserve the availability of nearby reserves. In areas 


where a high potential for usable aggregates exists, 
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development plans can be formulated so that urbanization 
occurs on land that is found to have no value for aggregate 
production. 

Detailed studies can be conducted to confirm the 
location and extent of reserves needing protection and any 
tract of land being urbanized could be examined for 
aggregate deposits as a condition of development. 

The opportunity costs of setting aside those lands 
which will be used for agricultural purposes, for an 
indefinite period of time, are relatively insignificant. It 
will be many years before agricultural land 40 or more miles 
out of Edmonton will be required for aggregate extraction. 

A 160 acre tract of agricultural land at those distances 
from Edmonton now sells for approximately $50,000 (1978) and 
once extraction is completed could be returned to 
agricultural use with a value of, say, no less than $40,000 
(in the same dollar terms). If such a piece of land, for 
example, has an 80 acre area with a 1 yard thick seam of 
Graveisin vit, “it wil lbecontaineabout 387,200 cubic yards or 
523,000 tons of gravel. If the gravel royalty is 30 cents 
per ton, the value of the gravel is about $150,000. This 
assumes that the royalty payment, usually set for the 5 or 
10 year length of the contract, includes a discount factor 
over the time period which is acceptable to the vendor. 
Coupled with an agricultural value of $40,000, the property 
is worth $190,000 and gravel extraction plus agricultural 


use is a profitable land use scheme. Even if the land 
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cannot be returned to a high grade agricultural use and has 
a residual value of only $30,000, aggregate extraction 
purposes still outweigh a purely agricultural use in 
economic terms, by existing economic valuation scales. 

Within 20 miles of Edmonton, a quarter of land is 
likely to be worth $160,000 because of country residential 
use and speculative possibilities. For the land to be an 
attractive investment for gravel extraction purposes, over 
500,000 tons of 30 cent per ton gravel must exist on it and 
the price of gravel would have to increase correspondingly 
to make holding such land profitable. However, compared to 
a 14 cent per ton charge for carrying a ton of aggregate an 
extra mile, a doubling or tripling of a 20 or 30 cent per 
ton royalty payment for gravel would be relatively 
insignificant. Land which is close to Edmonton and can be 
subdivided is worth $250,000 per quarter section and up. At 
40 cents per ton, the land must contain over 600,000 tons of 
gravel materials to make it practical to maintain the land’s 
availability for gravel extraction. 3° 

Two, interrelated, decisions are required in the 
Edmonton area. Should aggregate reserves be zoned in such a 
way as to prevent the urbanization of the lands containing 
them and, if so, what proportion of reserves should be 
protected? 

Although conservation is beneficial to industry and 
society (as the consumers of aggregate), there are factors 


which work against effective conservation. 
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Quality reserves have low processing costs, a 
condition which encourages their use. However, a price 
structure must exist which makes it possible to produce from 
the area of the geographic margin of extraction. Any 
additional costs such as additional transportation or 
processing costs relative to supplies closer to the market 
or of better quality must be recoverable. Therefore, given 
a particular level of demand, changes in the market price of 
aggregate will, to a large extent, be based on incremental 
production costs at the margin of extraction. Since the 
price is already near the level dictated by the margin of 
extraction costs, when it becomes necessary to use lower 
quality or more distant reserves the higher costs have 
little effect on short term demand because of price 
inelasticity, the reasons for which were discussed in 
Chapter III. The higher prices induce increased supplies as 
further processing or haulage of materials becomes 
economically feasible. Since supplies are increased, 
attention is diverted from the need to conserve. 3? 

Since production and transportation costs are lower 
for reserves which are close to the market a surplus may be 
created by sales of these less expensive aggregates since 
prices are set relative to the cost of marginal aggregate. 
The beneficiaries of that surplus may be the owner of the 
property, who gains through higher royalty payments, or the 
lessee if the property was leased at a lower royalty rate. 


At least part of this surplus could be described as an 
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opportunity cost return for use of land having a higher 
utility than that at the production margin. 

Since higher prices are so easily absorbed, aggregate 
supplies are limitless because aggregate can be brought in 
from farther and farther away as long as real aggregate 
price increases allow the payment of increased 
transportation costs. 

If reserves are not protected, that is, a free market 
system is allowed to prevail, when it becomes opportune to 
develop a tract of aggregate bearing land the owner of the 
land gets full value for the property. If the land is zoned 
so that no development can take place until after the 
aggregate is removed, the owner loses unless the price of 
the aggregate is bid up to give the producer opportunity 
earnings equal to the effective utility of the land. That 
is what very likely will take place. The owner of the land 
will weigh alternate uses in determining the value of his 
property and will not allow its retention as a reserve for 
aggregate unless the price he eventually obtains provides a 
return appropriate to the maximum value of the land. If the 
land is expropriated, the owner has an excellent case to 
demand payment for the full value of the land. If the 
government takes ownership of the land at market value and 
sells aggregate at an artificially low price, then users of 
aggregate are essentially receiving a government subsidy. 

The crux of the zoning issue is not so much a matter 


of exhausting the supplies available to the area as it is a 
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question of whether or not government is willing, or able, 
to subsidize aggregate users. 

The definition of conservation given in a previous 
paragraph indicates that consideration should be given to 
anticipated needs. What has not been established is how far 
ahead those anticipated needs should be provided for. Since 
alternate aggregate materials will be available 
indefinitely, even though they may have a higher cost, some 
effort should be devoted to determining what level of 
protection if any should be given to aggregate reserves. 
Inflated aggregate costs will increase the capital cost of 
construction by only 1 or 2 percent. Will it be to Central 
Alberta’s interest to attempt to preserve its aggregate 
reserves, given the administrative costs that may be 


involved? 


In the Edmonton region, a decision must be made as to 
what proportion, if any, of reserves should be protected. 
In addition, should protected reserves be expanded to 
include coarse sand as well as fine sand sources? The 1.5 
percent of all conventional gravel deposits now protected 
could be expanded to a more significant and appropriate 
reserve size and, further, complete protection could be 
established for quality materials. Since much of the area’s 
reserves do not occur immediately adjacent to the region's 
urban areas, protection of deposits may simply amount to the 


establishing of restrictions on land that wil] be used for 
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agricultural purposes until extraction takes place and which 
will subsequently be returned to agricultural use. An 
additional, more minor, technical issue involving the use of 
lower quality materials for some purposes, conserving 
quality materials now used for those purposes, should be 


resolved. 


One technical problem which stands out as one studies 
the literature is mix specification. Engineers specify 
a mix which has to be met willy-nilly, and this means 
that a lot of material is wasted. A better way would be 
to study the problem and change the design so as to make 
better use of available materials. 38 


The cost of these conservational measures will in all 
likelihood be higher in the short run but the long run value 
to be derived may make them worthwhile in monetary and human 
terms. 

A significant amount of effort will be required to 
implement a system for orderly and efficient provision of 
aggregates. Man has frequently experienced instances of 
increasing scarcity in a commodity and through his ingenuity 
has always come up with a substitute or replacement 
material, often with resultant increases in efficiency and 


beneficial technologies. %9 


arr 


Aottw-bris aaetg ante aes 
fA -.8eu ‘ eaye uel Oe ot 
A pean mn 


+o San ery ontv( eur gee as 


poiv shes eseneieu: ise 1% si wat i 
at biuote esearch eaad act baie. won zist 


salbuie ano ee yee seesnag hae ow mail rescence Se 
vitaaga ees ige nol taenhtoene ” Zin ee onnnie 
arpa: 2fAs ORE 4 ee Pena t | hi tt sth a> eR: 
ed bfucw Yiu rete a. Bataan at les olga te 
ofom of a8 ae raga re oe: ee =e ite? fosa anit. as 
a! wy lem vl ty! Lave Vole et 


ite 7 oy 


lia mt tt ow) ae4uager eat Neer BOT. Ves, ot. oth 7 


we: 


Sui sw ou orl Sm 7s os sige et i Dei watt A ad.t 


ae A fm 
é 


vo) 
. He. 


osmut ous yYietermtia nt ob Thad icy att Shan “Yom 


oy pe aes acl if w Petts A zregaand hatha - 

49 acfeiverdm | ‘eet 4 yr ec Va Wend ot fete ; 

te esonatan| kaon: ane, sta ee 

vi fureprit otf war) Ht bie ba: ante Aw wi 
timcabat gS At) shiitege & ia ay a 


saan yors or yrs": ud Paar oniy feat eas ottine atte mi 
io tas 
a ‘as ares le eo : 


—— 


c 
7 


ae 


115 


VABL Er 


PPre Cie Crean DeUSE=ZONTNGYONSRESERVES 


Zone Zone Mineral Resource 


Extractable|Agricultural S458r Ci 352+ Ov 761 5486 
Urban Reserve 
Deve lopment 
Control 
Indian Reserves 
Highway 
Industrial 


Unzoned 


Mineral Resource 


Reserve 


River Terrace 


- re + ee ee ee ay 


~~ 


3 tidied. } aera oe anos. 
‘~ Me, oo 


a : — 
pteonitinte geared Ai ee A in agitate 2 ORY al ar ef 
{ 
? { 


Leici ae | he. | PaWAD | ne 


I. 3 if | ipa 


oi 


2 PB } ao aOF | c 
' — * - 

Le 5 ; ie 1 ay <a 5 7 a 

: ¥¢ ‘oO J 7 OF \ OG Bey" 88g at: “The ‘ r J \ 

1 = rk OW alee i oe yr , ol a in _ - 

, ; . e + \ L ‘ ef > | ° FF 

: 1 40, ' tA . he ii t oe =k : +4 

— 


116 


TABLE 21--Continued 


Zone Zone Mineral Resource 


Category Sand |Gravel|Quality| Total 


Extractable|Country 
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Resort 
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TABLE 2 2 


POSSTBEG RESERVES OF AGGREGATE 
AS JOFP YEAR’ 2007 


Mineral Resource 


(millions of short tons) 


Reserves as of 1977 DPSS Ia APM eae 
Non-Extractable as of 
1OGM 
Extractable as of 1977/4895.7]1911. 
Usage 1977-2007 
Projection #1 
Total Remaining as of 


Year 2007 4830.4] 1630. 
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CONCLUSIONS AND RECOMMENDATIONS 


Gonc ls ions 


This study found that, on the basis of current 
conditions, aggregate reserves are much in excess of what is 
required to supply the Central Alberta region until the year 
2007. Cumulative usage of the materials available in the 
study area, for the most probable case, Projection 1, is 
expected to amount to only 6.9 percent of all materials and 
13.4 and 20.0 percent of coarser and high quality materials 
respectively. Projected usage for a final area population 
25 percent in excess of Projection 1 levels, or 1,563,000, 
is only marginal ly«higherwat: 7.9 percent) ofwali\h matenials 
(Projection 4). 

Approximately 8.5 percent of current reserves were 


found to be eliminated from consideration as reserves 
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because they were located where land use restrictions would 
prevent their extraction. However, since experience 
elsewhere has found that urban development can very rapidly 
decrease the significance of reserves in the vicinity of 
urban centers, there is a degree of urgency to the need for 
examination of the strategy to be employed in the future 
with respect to whether or not aggregate reserves should be 
protected by government action. The occasional propensity 
for the government to impose land use regulations or 
expropriate property might better be resisted in this 
situation. 

A very real question exists as to whether the 
establishment and maintenance of a system of mineral 
aggregate reserves would be worth the cost involved. A need 
exists for a comprehensive study to determine more 
accurately: (1) what the regional reserves and distribution 
of different qualities of aggregate materials are, (2) what, 
if any, protection should be afforded aggregates, (3) what 


form any protection decided upon might take. 


Recommendations 


Based on the information gathered for this study, the 


following recommendations are made: 


1. Since the study conducted by the City of Edmonton into 
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aggregate reserves, “Edmonton Regional Aggregate Study", 
is essentially a baseline study of reserves in the area 
resulting from restricted use of field data, it is 
recommended that further detailed study of reserves in 
the area be made taking full advantage of the use of the 
modern field analysis techniques described in Chapter 
Il. The nature of rural development in the Edmonton 
area dictates that this study be given an immediate 
priority. The study would be funded and carried out at 
the Provincial level. 

Although this study considered only the 30 year period, 
POV ertoe200/) ahs Sieur that a non-renewable 
resource of this type will] be required after that date. 
A decision should be made as to how those materials 
should be supplied and whether or not protection of 
reserves from surface development should be a feature of 
such a plan. That is, for what future period should 
reserves be provided and what trade-off should be made 
between reserves and the prospective availability of 
substitute materials. 

In addition to giving consideration to reserve 
protection, conservation of resources is also possible, 
even when those resources are still plentiful. 
Government attention should be turned toward 
investigation of possible reuse of materials and the use 
of substitute or lower quality materials. Review of 


conservation measures should be made the continuing task 
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of some existing government body so that measures or 
techniques which become feasible, either through changes 
in relative prices or changes in technology, do not go 
unnoticed or unencouraged. 

Total aggregate reserves in the area are considerable 
but the proportions that are coarse (26%) and of high 
quality (13%) are relatively low; attention should be 
given to the significance of that problem and possible 


resolutions. 
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APPENDIX 1 


PREDICTION METHODOLOGY 


Households Data 


The households data for past years which were used in 
the regression analyses, were derived from actual population 
figures. Figures on the numbers of persons per household, 
for the province and for the major urban areas, obtained 
from the five year Dominion census‘*° were extrapolated to 
allow households figures for each year to be derived. 
Regional and provincial population data were obtained from 
Statistics Canada and the Alberta Department of Municipal 
Affainrsit 

Future households data were derived from projections 
of population and persons per household. For the Central 
Alberta region, urban populations were projected on the 


basis of projections for the Edmonton sub-region to the year 
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2001, as supplied by the City of Edmonton Planning Branch. 42 
Rural and sub-rural population were projected by examining 
the population growth of Federal enumeration areas composed 
entirely of rural or sub-rural household elements during the 
period 1966 to 1976 and reducing the growth rates, as 
indicated by Statistics Canada figures, to equivalent annual 
rates.*% The rates for rural and sub-rural areas were then 
combined in their areal proportions to arrive at a single 
annual equivalent "rural" growth rate of 1.2 percent. Urban 
and rural population growths were then projected to give a 
total sub-region growth. The growth rates predicted for 
2001 were extrapolated on to 2007 to complete the statistics 
for the study period. Provincial population projections 
were derived from Alberta Bureau of Statistics estimates. ‘44 
Manitoba and Winnipeg populations were obtained from 
Statistics Canada and "Survey of Markets" sources.45 

The "propensity" for members of each age group to 
form households was determined from detailed data derived 
from the 1971 Census‘*®, and that "propensity" was applied to 
projected future population age distributions to determine 
the persons per household expected annually until 2001 (with 
extrapolation to 2007). These data were found to obey a 
linear semi-logarithmic regression of past and future data. 
Therefore, a regression of the logarithm of actual past and 
projected future persons per household data was obtained 


with the following results: 
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For Alberta 
Persons per household in year (1) 
=3.099-0.1151*log(I) where I=1 in 1978 
Correlation Coefficient= -0.946 


F Value= 34.063 


For the Central Alberta Region 
Persons per household in Year (1) 
=3.154-0.0970*log(I) where I=1 in 1978 
Correlation Coefficient= -0.954 


F Value= 20.176 


Predicted persons per household data were applied to 


predicted populations to determine future households data. 


Construction Spending 


Construction spending on roadways in the study area 
by the Province and the City of Edmonton were determined 
directly from the records of those governments.*’ Spending 
by other urban areas and rural municipalities was determined 
by responses to questionnaires on municipal spending which 
were forwarded to the surrounding municipalities. Those 
responses along with Provincial and City of Edmonton data, 
were used to extrapolate the data from municipalities which 


did not reply or which did not provide sufficient data. 
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Spending on other construction was determined by using an 
arbitrary 17 percent of total road and building 
construction. The 17 percent figure was obtained, with 
relatively good agreement, from the Ontario and Manitoba 
studies and was resorted to because of a lack of regional 
data on that construction sector.*& Regional building 
construction data, both residential and non-residential, was 
obtained from Statistics Canada records which, although 
excluding minor communities and municipalities, were 
relatively complete. Provincial building and engineering 
construction data for Alberta and Manitoba and building data 
for metropolitan Winnipeg were derived from Statistics 
Canada data.*?9 

Construction spending data was reduced to a constant 
dollar basis by the application of road and building 
construction cost escalation indices and, in their absence, 
by use of Consumer Price Indices for the locality being 


considered. °° 


Regression Analysis 


Once it was determined from examination that the 
Manitoba approach, of a regression model, might be 
practicable for application in this study, attempts were 
made to derive an appropriate prediction equation. In an 


effort to avoid the complications involved when the 
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projection of construction spending versus households was 
derived for the Province and then relegated to the study 
region portion of the province, regional data was used in 
the first case examined. All data was converted into 
constant 1976 dollar terms. The first attempt resulted in 
the following equation which was compared to the equation 


obtained in the Manitoba study: 


For Edmonton 
Y= -765109+7792.2*(X) 
Where: 

Y= Total Construction spending in constant 1976 dollars 

(1000's) 
X= Number of Central Alberta households (1000's) 
Correlation Coefficient= 0.835 
F= 6.907 
t= 2.628 

(Based on 5 years data: 1972-1976) 


As derived in the UMA study: 


For Manitoba 
Y= -162394+2968.2*(X) 
Where: 
Y= Total Construction spending in constant 1973 dollars 
(1000's) 
X= Number of Manitoba households (1000's) 
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Correlation Coefficient= 0.876 
F229.570 
(Based on 10 years data: 1964-1973) 


The high slope coefficient derived for Central 
Alberta was felt to be a poor estimate, even providing 
some consideration for the difference in the absolute 
value of the 1973 versus 1976 dollars used in each 
case. It was therefore decided to investigate the 
situation further. 

To determine the stability of the slope 
coefficient from time period to time period and from 
place to place, it was decided that residential and 
non-residential building data for Edmonton, for a 
longer time period, and from metropolitan Winnipeg and 
Manitoba would be examined. The results of these 
regressions are given in Tables 23, 24 and 25. 

The conclusion was similar to that obtained in 
the Manitoba study, that attempts to forecast on the 
basis of one sector would not be successful. Slope 
coefficients for the two sectors considered were 
significantly different and coefficients for the same 
region were found to vary from time period to time 
period. 

The above exercise was repeated for Edmonton and 


for Manitoba; using the change in households and the 
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TABLE 23 


REGRESSION RESUDNS (7 USET Ov 


Region Linear Regression Results For: 
and 
Time Residential Building Residential and 
Period versus Households Non-Residential 
Building Versus 


Househo lds 


Correlation Correlation 


Coefficient | Coefficient | Coefficient | Coefficient 


Edmonton 
AIORTTS 
Manitoba 
1963272 
1967276 


Winnipeg 
1963372 
1967-76 
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TABLE 24 


REGRESs KON RESULTS’ -' SE Te#st 


FOR Total Value Road Building 


Edmonton of all Construction Plus Road 
SV 275: Construction vs. Construction 


vs. Households Househo lds vs. Households 


Slope 
Coefficient 
Correlation 


Coefficient 


changes in households lagged one and two years as the 
independent variable. The “change in households" gave 
widely varying slope coefficients and lower and inconsistent 
correlation coefficients (-0.106 to -0.911). Lagging the 
change in households gave little or no improvement in the 
fit of the regression. Again, UMA’s findings were 
confirmed, this time concerning the unsuitability of "change 
in households" as the independent variable. 5! 

It was finally decided to abandon a model based 
entirely on the region and go to a provincially based 
regression curve. As well, the time periods considered for 


the regressions were increased where possible and segments 


oft nk nambwve-ant ot a) abaaee. on 


Mito FUG ? gia 
breoyl aut 4 | fit Ix Anéoremel ‘ce tb 

Sriaoh pel <4] ‘oat untae | 
HAs. .2¥ eu) orig gate - ‘ito 


; 
| i 7 
: C.. og8 tah >, gare 
| 
. 
). Bat 0 i Wl 
| 


ay ae "eo Sedation” mi “cea a 
P2af2POone ones aie nie peel abate 
- onigeht! Titaa ae snag 
ee Ar Ke ‘i ak 


148 


of those time periods examined separately. Constant dollar 
weekly wages were included in some regressions as an 
additional independent variable.52 The results of this set 
of regressions are given in Table 25. 

Both provincial and regional regressions based on 
sectors were again found to vary from time period to time 
period and from location to location. 

The addition of real weekly wage did not provide any 
major improvement in the agreement between regions or 
between time periods. However, although the slope 
coefficient for Alberta data on total construction was not 
constant from period to period, it was decided that this 
instability was inherent in the processes generating the 
data and that the best approach would be to use the 
regression based on total construction spending for the 
Province of Alberta for the period 1953 to 1976 versus 
absolute numbers of households for the same period. The 
data from those figures was considered to be the best 
estimate of the curve that would result from the cyclical 
factors which influence construction spending from time 


period to time period. 


Proportion of Spending Allocated to 
Central Alberta Region 


This allocation was determined on a year by year 
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TABLE 2S 


REGRESSION (RESUBIS4>SEPag2 


1. Residential 


Building vs. 
Households-20+Yrs. 
Slope Coefficient 
Correlation 
Coefficient 
Residential 
Building vs. 
Households 


StOYrsta 1967-76 


Slope Coefficient 
Correlation 


Coefficient 
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Table 25--Continued 


3. Residential 

Building vs. 

Households 

mh Murs AvehChk- 66 

Slope Coefficient 1458.7 225200 

Correlation 

Coefficient 0.586 Oe TASH 
4. Residential 

Building vs. 

Households 

=l0auts einen 

beginning of 

data series 
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Correlation 

Coefficient 
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Table 25--Continued 


Residential 


Building vs. 


Households and 


Annual Average 


Weekly Wage 


—20#@/edrs 


Slope Coefficients 


Variable 2 NESE SS, 


33.4 


Variable 2 


Mu. Correlation 


Coefficient 0.894 


Total Building 


vs. Households 


-20+ Years 


Slope Coefficient 


Correlation 


Coefficient 
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Table 25--Continued 


Za. Total Bumldingtvs: 


Households and 


Annual Average 


Weekly Wage 


-20+ Years 


Slope Coefficient 


Variable 1 


Variable 2 


Correlation 


Mu. 


Coefficient 


Total Construction 


-20+ Years 


12080.7 


Slope Coefficient 


Correlation 


Coefficient 


Total Gonstruction 


vs. Households 


(1967-76) 
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Slope Coefficient 11637.4 


Correlation 


Coefficient 
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Table 25--Continued 


10: Total Construction 


vs. Households 

“10 Yrsteng95a-66e 
Slope Coefficient 
Correlation 
Coefficient 
Total Construction 
vs. Households 


= Oe Yrsie (19506593 


Slope Coefficient LISS 
Correlation 
Coefficient 
Total Construction 
vs. Households 

and Annual 
Average Weekly 
Wage -20+ Years 
Slope Coefficients 
Variable 1 
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Mu. Correlation 


Coefficient 
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basis from the number of households in the study region as a 
proportion of the number of households in the province 
determined from population projections. Spending in the 
sub-region was allocated on this households basis because, 
with the large rural area included in the study region, the 
study region might be assumed to be a microcosm of the 
province in terms of construction spending in the same way 


as this was done in the Ontario study. 


Spending in Each Sector 


Data collected from suppliers (1976 only) and 
consumers (1972-1976) of aggregates in the Edmonton region 
and Statistics Canada were used to determine the proportion 
of spending which, historically, took place in the Central 


Alberta region in each sector. 


Aggregate Input Factor 


Aggregate input factors were derived from detailed 
analysis of data obtained from users of aggregate in the 


Edmonton region during the period, 1972 to 1976. 
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Types of Aggregate Used 


The proportion of different aggregates produced by 
producers in 1976 and used in construction between 1972 and 
1976 were used to determine the proportion of the different 


aggregate materials being used in the region. 


Aggregate Reserves at 2007 


Used in conjunction with reserves data contained in 
the “Edmonton Regional Aggregate Study", figures obtained 
for the aggregate usage anticipated to occur in the study 
region between 1978 and 2007 were used to determine the 
amount of existing reserves that will remain after that 


period of usage. 


Effects of Zoning Requlations 


The records of the Provincial Department of Municipal 
Affairs, the zoning regulations of rural municipalities 
where they existed, land use maps and plans and publications 
from the Edmonton Regional, Battle River and Red Deer 
Planning Commissions were used to determine the existing or 
planned land usage ascribed to locations where aggregate 


deposits are to be found.**% The locations were then grouped 
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as to zones which may allow extraction operations for 
aggregate and those which it is apparent would not allow 
extraction activities and the reserves contained in each 
zone tabulated to determine extractable and non-extractable 


reserves. 
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APPEND DX 12 


DEVELOPMENT OF ONTARIO AND MANITOBA MODELS 


As indicated previously, both the Ontario and 
Manitoba models started with population projections which 
were then related to measures of economic activity. The 
Ontario model however, was based on a "capital stock 
formation concept of macro-economic analysis" *54 while the 
Manitoba study was based on an empirical relationship 
between population and macroeconomic spending on 


cons truciion: 


Ontario Model55 


The basic purposes of the Ontario study were to 
predict future transportation patterns for aggregate and to 


facilitate the development of an appropriate land use 
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strategy. 

The concept of the formation of capital stock used by 
Proctor and Redfern allows that "Out of annual Gross 
Provincial Product (GPP) a certain proportion goes into 
savings (S) which are the source of the annual flow of 
investment (1)." While not all investment funds generated 
in Ontario are invested in Ontario and not all funds 
invested in Ontario originate in Ontario, the study assumes 


that a relationship exists between GPP and investment: 


I= Change in KF + Change in KV 
Where: 
KF= Fixed Capital Formation 
KV= Variable Capital Formation 


(in year t) 


and 
Gaiekr 
Where: 


C= Total Construction 


While variable capital formation includes equipment 
and inventory formation, fixed capital includes building and 
engineering construction. KF then becomes a projection of 
total construction activity and where d is the proportion of 
GPP. going into construction in year’ t; total construction is 


defined as: 
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C=d*GPP 


Historical data on d was found to be fit by a 
modified exponential curve which tended to a bottom 


asymptote over time. GPP was defined as: 


GPP=Y*Pop 
Where: 
Y= Per Capita Income 
Pop= Population 


(for a given year t) 


Historical real income data for the years 1947 to 
1976 were adjusted to constant employment and participation 
rates and found to be described by the following ordinary 


least squares regression derived time series: 


log ty f= 04006) 40:00) GE? Cr=0Rat 7953) 
1000 


Application of the d (proportion of GPP going into 
construction) to GPP derived from a population projection 
and the projection of real per capita income resulted in a 
figure for the value of construction. The population 
projection used for this model assumed a medium fertility 
rate and a net migration into the province of 70,000 per 


annum. 
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The Central Ontario Region’s share of total 
provincial construction was then portioned out based on the 
fraction of the province's population resident in the region 
and the relative growth rates of the province and region. 

While the proportion of construction in each of the 
residential, non-residential and engineering sectors was 
readily available for the province for a number of years 
back, the apportionment for the study region was based 
solely on 1972 data. The proportions data that was obtained 
is given in Table 26. 

The residential sector is weighted more heavily in 
the smaller unit because of the greater residential 
component in the largely urban metropolitan Toronto region 
as opposed to the province as a whole. Also, since roadways 
are well developed in urban areas, engineering construction 
spending is reduced accordingly in an urban area. 

The final step in arriving at a prediction of actual 
quantities of sand and gravel and crushed rock used in the 
Central Ontario Region was to multiply construction spending 
estimates by constant dollar based factors for tons of 
aggregate utilized per dollar of spending, based on an 


assessment of 1971 data. 


Winnipeg Model5& 


The Winnipeg study included an area 6500 square miles 
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in size, extending approximately 40 miles south and north, 
30 miles west and 45 miles east of Winnipeg. Its stated 
objective was “to provide qualitative and quantitative 
estimates of aggregate potentially available to support 
construction requirements in the Winnipeg Region over the 
long term." 

As a result of perceived difficulties associated with 
using variables such as Gross Provincial Product, value 
added from manufacturing and personal income which are 
subject to uncertainties in future levels as well as 
valuation, the Winnipeg model was based on a simple 
regression of construction spending in Manitoba versus 
households. The testing leading to the derivation of the 


regression equation was described as follows: 


A regression model was fit to total construction value 
in Manitoba, population, population change, number of 
households, annual change in households, personal income 
and value added in manufacturing. In the same way, a 
similar analysis using only one independent variable was 
carried out. As the reduction of the equation to a 
simple relationship did not detract from the reliability 
of the results, the simple regression model was 
ultimately selected to forecast total construction 
spending. Of all the independent variables examined, 
the number of households was discovered to be the best 
single variable for predicting the level of construction 
activity in Manitoba--sufficient that the addition of 
other variables did little to improve the quality of the 
regression equation. 5?’ 


The resultant regression equation was: 


Y= -162,394 + 2968.2*(X) 
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Where: 
Y=Total Construction spending (excluding 
residual items) in constant 1973 dollars 
(thousands ) 
= Number of Manitoba Households 


( thousands ) 


The overall F statistic for the regression was 
29.570, the coefficient of determination was 0.767. 

Two Statistics Canada population projections were 
used to provide a base and an alternate forecast case for 
the regression. The base case was the preferred projection 
while the alternate case assumed high fertility and net 
outward migration giving a lower eventual population. 

Future numbers of households were projected using the 
proportions of household heads found in each age group 
during the 1971 Census in Manitoba. The proportions were 
multiplied times the future populations expected in each age 
group to determine the numbers of households by determining 
the projected number of household heads. 

Sectoral allocations, for the province and region, 
and aggregate usage coefficients were determined by using a 
combination of Statistics Canada data and the data collected 
from aggregate producers and users, resulting in annual 
tonnages of the sand and gravel and crushed rock that would 
be required. 


By all indications, the Manitoba study was an attempt 
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to improve on the Ontario study, however, basing the study’s 
regression line on only 10 years of data could seriously 
harm its credibility given the wide variation in 
coefficients that occurs between subsequent periods of that 


time length. 
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TABLE 26 


SECTORAL SHARES OF CONSTRUCTION SPENDING 
IN: ONTARIO :- 51971 


Sector Geographic Area 


Ontario|Central Ontario Planning Region 


Residential 
Non-Residential 


Engineering 


SOURCE: Proctor and Redfern Ltd., Mineral 


Aggregate Study Central Ontario Planning 
Region 
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APPENDIX 3 


REGULATIONS AFFECTING THE AGGREGATE INDUSTRY 


The following is a brief summary of regulations 
governing the extraction of sand and gravel as determined by 
a literature search and information obtained from local and 


provincial authorities. 


1. Clay, Marl, Sand and Gravel Requlations*®® 
(Clay and Marl Act, Sand and Gravel Act59) 


These regulations state that surface rights to 
minerals reside with the owner as long as they can be 
extracted by surface excavation. These Acts give the 
requirements for exploration licences, sand and gravel 
licences and leases and royalties with respect to extracting 


such minerals from Crown land. Development of Crown land 
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requires the submission of an operating and reclamation 
plan. Municipal authorities are given the authority to 
require development permits for production from privately 


owned lands. 


Oe PS bean Air= Kere° 


The Clean Air Act makes provisions for the granting 
of construction permits, operating licenses and alteration 
permits for plants, such as gravel crushers and asphalt 
plants, which may introduce contaminants into the air. 


Powers of control and prosecution are given to the Province. 


3. Clean Water Act&! 


This Act governs the issuance of permits to use water 
in manufacturing processes. To obtain permits allowing 
construction and licenses for operations, the prospective 
user must submit information regarding the source of the 
water; the amount taken in, used and discharged. 

Information is also required regarding the nature and 
quantities of any contaminants which may be discharged into 
the water. The government is given the power to control 


effluent discharge and to take legal action. 
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4. Coal Mines Safety Act®?2 


This Act applies to every mine site, mine and 
processing plant in Alberta. It is meant to ensure the use 
of safe practices and the protection of the health of 
employees. It makes stipulations regarding the 
qualifications and duties of employees and the safety 


standards which surface and subsurface facilities must meet. 


5. Department of the Environment Act®? 


The Department of Environment was created by the Act 
and empowered to make regulations governing the 
conservation, management, utilization, control, and 
pollution of natural resources, the prevention and control 
of noise, the quality or quantities of natural resources and 
the disturbance, destruction, pollution or other adverse 
treatment of natural resources. The Department can 
establish Restricted Development or Water Conservation Areas 


and issue orders enforcing conformance to standards. 


6. The Environment Council Act&4 


An Environmental Council of Alberta was created to 


review and investigate policies and programs respecting 
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environmental issues, including the conservation, management 
and utilization of natural resources, and to ensure 
conformance to the requirements of the Clean Air Act, Clean 
Water Act, the Department of the Environment Act and the 


Land Surface Conservation and Reclamation Act. 


7. Land Surface Conservation and 


Reclamation Act&§ 


This Act covers approval of development and 
reclamation plans for surface disturbances in respect of 
neighboring residential use, aesthetic or scenic issues, 
recreational pursuits, flora and fauna preservation, 
existing agricultural, commercial or industrial development, 
transmission and transportation facilities, housing and 
surface requirements; geotechnical exploration, water and 
groundwater management in relation to land conservation 
Quidelines. Responsibility is given for the preparation and 
maintenance of an inventory of natural resources within 


Alberta. 


8. Mines and Minerals Act&® 


The Mines and Minerals Act defines minerals and 


assigns jurisdiction over clay, marl, sand and gravel to 
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separate legislation. 


9. Municipal Government Act&’ 


Municipalities are allowed to acquire land for use as 
Quarries, gravel or sand pits and to enter into agreements 
respecting the exploitation of aggregates. The Act also 
gives municipalities the right to pass by-laws regarding 
sanitation, subject to the Clean Water Act, and the 
operation of construction equipment on streets as well as 


ownership and control of highways within the municipalities. 


105 = PublicttealttnoActss 


The Public Health Act makes it possible to prescribe 
maximum limits for concentrations of contaminants released 
into water or air and to require the abatement of nuisances 


which may endanger health. 


tt. Publics tanas. Acts? 


This Act gives the Province authority to regulate and 
licence exploration for and the removal and disposition of 


clay, marl, sand and gravel on public lands. 
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12. Soil Conservation Act? ° 


The Soil Conservation Act gives powers and authority 
to prevent soil deterioration on any lands in the province 


due to action of wind, water or any other causes. 


(3, foubface Rights Act!) 


This Act applies to all lands in Alberta. The 
Surface Rights Board is empowered to grant right of entry 
for the removal of minerals, construction of tank stations 
or other structures, construction of pipelines, power 
transmission and telephone lines as allowed under the terms 


of the Act. 


14. Water Resources Act? 2 


With respect to aggregate, this Act allows granting 


of permits for removal of aggregate from water bodies and 


the licensing of water use for gravel washing. 
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APPENDIX 4 


PREDICTION PROGRAMS AND DATA 


Copies of the computer programs and the data (in 
brackets) used to generate Projection #1 are presented in 
this section. The "Growth Rate Program" presented first was 
used to combine the annual projected population growth rates 
for the rural and urban segments of the study region 
population into one population growth rate. 

The "Aggregate Usage Program’ was used to project 
annual and cumulative aggregate usage in the study region 


for the years 1978 to 2007. 
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Growth Rate Program 


Dimension U(30),V(30) 

Read *,UP,CP 

READ (UCL) .t=1,.30)} 

READT ee OVI 1)  LS1430) 

PRINT 120 

DOmANO) h=1, 30 

UP1=UP*(1+U(I) ) 

CP1=CP*(1+V(1)) 

GR=(UP/(CP+UP))*U(1)+(CP/(CP+UP) )*V(1) 

PRINTEUSO; UPS UPH UNE) CP,.CP4,V(1),GR 

UP=UP 1 

iM OBCR=CP1 

StOP 

120 FORMAT 

(ox, UP* SOARS UP+ ANS SXMPUGRE OLS CP ox, 1 CR+a7 6X4 
CGR, Ske OVERALUEGE RE.) 

130 FORMAT 

CONE Oe PX Sy te ro Soke OC Oe AW Ora Ow ROL ou 

END 

WHERE : 

UP= INITIAL (1977) URBAN POPULATION (604616) 

CP= INITIAL (1977) RURAL POPULATION (154003) 

U(1)= URBAN GROWTH RATE (.0244 X 4, .0218 X 5, .0191 X 
BeG01 692% 55>" 30Fo. Ava) 

V(I)= RURAL GROWTH RATE (.012 X 30) 
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GR= OVERALL STUDY AREA GROWTH RATE 
UP TSPOPe YEAR +1 
CPiseery YEAR t+1 


Aggregate Usage Program 
DIMENSION 


PreO FYE SO) eX 307 Re2080).4024 30), E2130), REVO), 


A130 )) GEt30} 
POCMREAD( 3; *) A, OC, O ee PyPE,H;0,5,C1yDI Et 
TFVAZEQ.0) GO TO 140 
MO*READ(3,*) B 
TECeTEG:..0) GO T0100 
NZOUREADA 31 F5.Gib iGa 
TRGECEQS 0) GO TO 110 
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BEAD (SR) (RL), at Oy CREW ate s0)), (GEC Tie tet, 30) 


PRINT 150 

PRINT EWOORA BRC tO Er Gist Eh Pee SeOy.s 
T1=0 

U1=0 

V1=0 

W1=0 

PRINT 170 

DO» 130° T=1, 30 

Q=F+(G*GL(1)) 

Q1=F1+(Gi+GL (1) ) 
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P=P*(1=R(I)) 

PE=( PENI +RE(I )) 

X(1)=P/Q 

X1(1)=PE/Q1 

Y (1) =A+(B*X(1)) 
Y¥(1)=(440.41*X1(1)*Y(1))/X(T) 
C2(1)=(C*C1*Y(1))/1000 
D2(1)=(D*D1*Y(1))/1000 
E2(1)=(E*E1*Y(1))/1000 
Bee2(1)+D201L)+E2 0 


W=S*T 

T1=T1+T 

U1=U1+U 

Vi=eV1itV 

W1=W1+W 

PRENP e180, RPE eRe GR) FT Alb, Whey Test avai twit 

IF ( L.EQU30)) GG taret20 

130 CONTINUE 

140 STOP 

150 FORMAT 

O6X, AttegiX SQ ION stk, OX eee SP, ASM e eG: jute “Tae: 
Ot, FOr Simo tO tee Dia, 2 12!) 

160 FORMAT 

3X PESysle Ah Leal eX GEDMS PID ARSe aI ES aS BES AN 


| Ney 


Wop, ROE il “aa. (nh 
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OTe Pier 6. 45th, ES Seni omey 1 X,F5.3 
170 FORMAT (2X, 
RR? TOGe GR’ YOK CGRE Ss, QhuhiT JUSEY Sk, CSDMLOXy 


GR pom; LCCar ie, NOL QRH CoN The CGe PA ee: 
180 FORMAT 
C2 U2 Oye Ken Th eeGe le Oasis, ETOSSRIX, F 10.3; 


Dees Ie Te S PUN Ate FS IAP dee IA kz 

END 

WHERE: 

A= Constant, Dollars versus households regression 

voi, 61084903 

B= Slope coefficient, Dollars versus households 
regression (12080.7) 

C= Proportiom of cons tructionsdollarsigaing into 
building construction (0.738) 

Gl= Input) Coefficient: <i ons#of sAggrnegate {used iper 
dollar of building construction (0.0036) 

C2= Tons of aggregate used in building construction 

D= Proportion of construction dollars going into 
roadway construction (0.097) 

Di= Input Coefficients Tonseof -Aggregate dused iper 
dollar of roadway construction (0.0909) 

D2= Tons of aggregate used in roadway construction 

= Proportion of construction dollars going into other 


construction (0.165) 
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E1= Input Coefficient- Tons of Aggregate used per 
dollar of other construction (0.0104) 

E2= Tons of aggregate used in other construction 

F= Constant, Persons per household versus time 
regression for Alberta (3.0991) 

Fi= Constant, Persons per household versus time 
regression for Central Alberta (3.154) 

G= Slope coefficient, Persons per household versus time 
regression for Alberta (-0.1151) 

G1i= Slope coefficient, Persons per household versus 
time regression for Central Alberta (-0.0970) 

GL(I1)= Logarithm to base 10 of Year I 

H= Proportion of all materials used that is made up by 
sand (0.117) 

I= Year of prediction, where 1978=1 

O= Proportion of all materials used that is made up by 
gravel (0.503) 

P= Initial population of Alberta, 1977=1868.427 
(1000's) 

PE= Initial population of Central Alberta, 1977= 
758.019 (1G00%s) 

Q= Persons per household, Alberta in Year I 

Q1= Persons per household, Central Alberta in Year | 

R(I)= Alberta population growth rate in Year I (See 
Column 2, Table 10) 

RE(1)= Central Alberta population growth rate in Year I 


(See Column 3, Table 10) 
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S= Proportion of all materials that is made up by 
Quality material (0.380) 

T= Total material used per annum 

Ti= Cumulative total material used per annum 

U= Total sand used per annum 

U1= Cumulative total sand used per annum 

V= Total gravel used per annum 

Vi= Cumulative total gravel used per annum 

W= Total quality aggregates used per annum 

W1= Cumulative total quality aggregates used per annum 

X(I)= Households in Alberta in Year I 


X1(1)= Households in Central Alberta in Year I] 
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